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INTRODUCTION 


In the past the investigation of blackwater fever has heen 
essentially clinical. The symptoms and course of the disease have 
been studied and, as regards aetiology, its relation to the 
administration of quinine has been established; but purely clinical 
observation has failed to explain the significance of its association 
with malaria, although its dependence upon malaria has been assumed 
by most writers. But little attention has been given to the mechanism 
of production of blackwater fever, although recent advances in 
experimental physiology and pathology, and above all in physical 
chemistry, have provided numerous methods applicable to research in 
this direction. In the investigation which we have made upon 
blackwater fever, we have endeavoured to trace out some of thc 
internal processes, whose terminal event is the appearance of black- 
water, believing that in this way many obscure points in connection 
with the causation and treatment of this condition would sooner or 
later be cleared up. In our work we have always attempted to give 
our observations a quantitative character, and to be as far as possible 


free from the limitation imposed by purely qualitative methods. 


Some of the investigations which we have entered upon have 
necessarily been of a somewhat tentative character. Thus before the 
direct action of quinine upon the red blood cells in blackwater fever 
could be determined, it has been essential first of all to determine its 
action upon the red blood cells of healthy individuals. The next step 
undertaken was that of determining if haemolysins, present in the 
blood, played any part in the production of blackwater, such as is 
known to be the case in paroxysmal haemoglobinuria. A further 
point has been the investigation of the relationship of haemoglobin- 
aemia to haemoglobinuria. Again, in studying the condition of the 


urine in blackwater fever, it has been found desirable to estimate, 


whenever possible, the amount of blood cells corresponding to the 


13 


dissolved haemoglobin present in the urine, and for this purpose 1t 
has also been necessary to investigate quantitatively the action of 
nrine upon haemoglobin. Further light upon the mechanism of 
production of blackwater fever has also been obtained by studying 


redwater and by experimentally producing haemoglobinuria in 


animals.* 


The attacks of blackwater fever which we have investigated have 
been twenty in number, and were kindly brought under our 
observation by the Nyasaland Government medical staff and by the 


medical officers of the Shiré Highlands Railway Company. 


Our thanks are also due to the Nyasaland Government for 


providing us with rooms at the Hospital at Blantyre. 


Our report was completed in the Runcorn Research Laboratories 


of the Liverpool Schoo} of Tropical Medicine. 


І. THE HAEMOLYSIS OF RED BLOOD CELLS BY QUININE 
AND ALSO BY ACID, ALKALI AND URINE. 


a. The action of quinine, acid aud alkali on healthy red blood cells. 


I. Action of quinine bihydrochloride ou red blood cells in varying 


couceutrations. 


In testing the haemolytic action of quininet upon red blood cells 
the bihydrochloride was used because its greater solubility in water 
permitted the employment of a wider range of concentration than 
would have been possible had the monochloride or sulphate been 
chosen. In the first three series of experiments the action of the 


* See Table of Contents, p. 1. 


+ The only work on this subject appears to be thatof Nocht, Uber Schwars- 
wasserfieber, Verhandlungen des deutschen Kolonialkongresses, 1905, who stated that 
2 mgrm. of quinine in 5 c.cm. ofa 10 per cent. dilution of defibrinated blood in a 0*0 ре: cent. 
sodium chloride solution was the maximum amount which could be added short of 
causing haemolysis. 


Li 


quinine salt was tested upon red blood cells freed from plasma, the 
method of procedure in these, and most of the succeeding experiments 
of the same type, being as follows : 

Method—About one cubic centimetre of blood was obtained by 
pricking the finger, previously washed and cleansed with absolute 
alcohol, and allowing blood to flow drop by drop into a small glass 
collecting tube containing a measured amount of a I per cent. solution 
of potassium oxalate (containing also 0°45 per cent. of sodium chloride, 
so as to be isotonic with the red cells), in the proportion of one part 
of the latter to from four to ten parts of blood. The mixture thus 
obtained was next sucked up into a graduated 2 c.cm. pipette and its 
volume noted. The percentage (by volume) of red cells contained in 
the mixture was then determined by means of a haemocrit. The 
mixture, or a measured fraction of it, was next added to about 10 c.cm. 
of o'g per cent. solution of sodium chloride and centrifugalised until 
the red cells were completely precipitated. The supernatant fluid 
was then pipetted off and as much of the o'9 per cent. solution of 
sodium chloride added as was required to make up a 2'5 per cent. 
emulsion of red cells. In many of the experiments a portion of this 
emulsion was laked by the addition of distilled water, and the amount 
of haemoglobin it contained determined by means of a haemoglobino- 
meter reading, the absolute values of the scale of the instrument 
having previously been determined in terms of the red cells in the 
moist condition of one of us, taken as a standard. In this way the 
value of different blood emulsions made up to 2'5 per cent. of wet red 
cells can be referred, as regards their haemoglobin content, to the 
same standard. [t may be observed that sometimes, as for example 
in cases of malaria, as will be seen later (cp. Table 24), this is 
absolutely necessary if different experimental results are to be 
compared. 

The red blood cell emulsion having been prepared as above 
described measured amounts were then addedl to a series of test-tubes 
containing a quinine solution isotonic with blood plasma and, if 


necessary, also 0'9 per cent. of sodium chloride, so as to make up а 
diminishing series of concentrations of quinine salt, while at the same 
time the percentage of wet red cells in the series progressively 
increased (Table 1). In this way the point was determined at which 
the red blood cells present were completely haemolysed at the end 


15 
of the period of experiment, namely, three hours, the temperature of 
experiment being 37°C. In Table 1, only the concentration of 
quinine salt and the ratio of the weight of wet red cells to the weight 


Taute 1.  Haemolysis of red blood cells by quinine bihydrochloride dissolved in o'y per 
cent. NaClsolution. Duration of experiment three hours. Temperature 37° C. 


Сомрозітіом or Muxrure or Rep BLOOD CELLS AND QuININE SOLUTION 


No. of — a = NES = 
Experi- | A 
ment, Quinine bihydrochloride oo8o %4 0065 °4 ©'о54 %4 oots 96 01038 % 
Weight of wet red blood cells 5-2 6-5 8:5 IO'4 13:7 
Weight of quinine salt i I | I I 1 
' Complete; Complete Complete | Complete | Partial 
2 Complete | Complete | Complete | Complete Marked 
3 Complete, Complete Complete | Complete Partial 
4 Complete! Complete Complete | Complete Partial 
5 Complete | Complete | Complete Complete Partial 


of quinine present are given, the actual quantities of red blood cell 
emulsion, quinine solution and of salt solution, which were employed, 
being omitted so as not to overburden the Table with such details 
of experiment as are best arranged in accordance with the actual 
conditions of working which individual experimenters may regard as 
inst convenient. In some of the later experiments, however, the 
concentration of the solutions employed and the amounts of each 
used are given (Table 24); from these the reader will readily devise 
convenient concentrations and quantities to employ in those 
experiments in which these details are omitted. 

During the course of the experiments the tubes containing the 
mixtures of red blood cell emulsion and quinine solution were stirred 
with a glass rod every fifteen minutes. Та the tubes in which 
complete haemolysis appeared to have occurred, a microscopical 
examination of the deposit after centrifugalisation was made in order 
to make certain that this was the case. 

In all these experiments the glass tubes and pipettes used were 
kept scrupulously clean. From time to time a search for bacteria 
was made at the close of the experiment, but uniformly with negative 
result. Actual sterilisation of the glass apparatus and of the solutions 
employed was carried out only in a few cases in which the time 
elapsing between the collection of blood and the termination of the 
experiment exceeded four hours. 
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On reference to Table 1 it will be seen that haemolysis was 
complete up to a concentration of 0'045 per cent. of quinine bihydro 
chloride, at which concentration the weight of red cells haemolysed 
was 10°4 times that of the quinine salt employed. When a concen- 
tration of 0'038 per cent. was employed, the weight of red cells being 
now 1377 times that of the quinine salt present in solution, haemolysis 
was only partial, and on extending the series beyond the limit given 
in the Table, the red cells were found not to be appreciably affected. 
The transition point was sharply marked, though slight variations in 
the rate at which haemolysis proceeds were to be observed. As will 
appear later (cp. Table 18), in different samples of red blood cells, 
taken from the same (healthy) individual, similar variations, 
inconsiderable in extent, occur. 

In the more concentrated solutions of quinine bihydrochloride 
haemolysis proceeds very rapidly. In the first two concentrations 
given in Table 1, haemolysis was complete within an hour, and in the 
third at the end of about two hours. 

A second series of experiments (Table 2) was next carried out, in 
which the concentration of the quinine salt at the transition point 
was nearly four times that present at the transition point of the first 
series. In these, as in the former experiments, the transition point 


Taste 2. Haemolysis of red blood cells by quinine bihydrochloride, in nearly four times 
the concentration employed in Table 1. Duration of experiment 
three hours. Temperature 37° C. 


Composition or MIXTURE or Reo Віоор CELLS AND QUININE SOLUTION 


No. of کے‎ 
Experi- a А 
ment Quinine bihydrochloride 0:223 9%) 0-188 94 0155 % 013495 | o119 % 
Weight of wet red blood cells 104 13:0 156 18-2 | 208 
Weight of quinine salt 1 1 1 1 1 
1 Complete Complete ^ Marked Marked Slight 
(Marked)* | (Partial) (Slight) (Slight) (Slight) 
2 Complete | Complete | Marked Slight Slight 
(Complete) (Marked) (Slight) (Slight) (Slight) 
3 Complete | Complete | Complete Marked Slight 
(Complete) (Complete)! (Slight) (Slight) (Slight) 
4 Complete Complete | Complete | Marked Slight 
(Complete) (Complete) | (Complete) (Slight) (Slight) 
5 Complete | Complete | Complete Slight Slight 


(Complete) (Marked) | (Slight) ^. (Slight)‏ ا 
| 


* The results in brackets represent the action of quinine bihydrochloride when, 
instead of washed red cells, equivalent amounts of oxalated blood are used. 
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15 well marked,.and occurs when a concentration of quine bihydro 
chloride amounting to 0155 per cent. is reached. It will be noticed 
that in two members of the series, haemolysis, at the transition point, 
was nearly but not quite complete at the end of three hours at 37° C., 
the rate at which the reaction proceeded being in these two cases 
shghtly slower than in the remaining members of the same group. 
In the succeeding concentration [0:134 per cent. | of quinine salt haemo: 
lysis is partial or slight, and in the remaining concentration (O'TIQ per 
cent.) but little haemolysis occurs. In these experiments it is scen 
that a given weight of quinine bihydrochloride does not haeinolyse a 
fixed weight of red blood cells during the period of experiment (three 
hours) but that the maximum weight of red blood cells, which can 
be haemolysed, depends upon the concentration of the quinine salt, 
not upon its absolute amount. 

A third series of experiments was now carried out with still 
higher concentrations of quinine salt (l'able 3). Here, as before, the 
transition point was well marked. It was obtained when a concen 
tration of quinine salt amounting to 07635 per cent., i.e. about fourteen 
times that obtaining in the first series [0045 per cent.] and nearly 


Taste 3. Haemolvsis of red blood cells by quinine bihydrochloride, in nearly fourteen 
times the concentration employed in Table 1, Duration of 
experiment three hours, Temperature 37 С. 


COMPOSITION or MIXTURE ок Rep Воо» CELLS AND QuiNINE SOLUTION. 


No. of 
Experi- T" Н 
ment | Quinine hydrochloride S: O CE 9635 94 ООО, 0448 9,, 
Weight of wet red blood cells 22 29 364 46 57 
| Weight of quinine salt ! 1 ! ! I 
1 Complete | Complete Complete — Partial Slight 
2 Complete | Complete Marked Partial Slight 
3 Complete! Complete Complete Marked Slight 
4 Complete, Complete Complete Partial Slight 
ç Complete! Complete Complete Partial Slight 


two and a half times that present in the second series 0°155 per cent), 
was reached. The weight of the red blood cells haemolysed was 
36'5 times that of the quinine salt present. As in the second series, 
so again here, the increase in the amount of red blood cells haemolysed 
is not in the same proportion as is that of quinine salt present, but 
is much smaller than the latter. 


B 
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Up to the present only washed red blood cells, freed from plasma, 
have been considered. In Table 2, however, side by side with thi 
results obtained with washed red cells, are given, in brackets, those 
obtained with the same amounts of red cells not freed from plasma 
The haemolysis in the latter case is not so marked as in the former 
the transition point being reached when a concentration of quinine 
bihydrochloride amounting to 0'188 per cent. is attained (as against 
O'I55 per cent. in the former series), and the weight of red blood cell: 
haemolysed is thirteen times that of the quinine salt present (as 
against 15:6 in the former series), some of the quinine being 
apparently taken up by the plasma and thus prevented from acting 
upon the red blood cells. There is also noticeable, less regularity in 
this series, when compared with the former. This is perhaps attri 
butable to diurnal variations in the composition of the plasma. 

In Table 4 the action of quinine bihydrochloride upon red blood 


cells contained in more or less diluted oxalated plasma is shown. In 
Taste 4. Haemolysis of red blood cells by quinine bihydrocholoride dissolved in the 
blood plasma. ‘Temperature of experiment 37° C 


COMPOSITION OF MIXTURE OF OXALATED 
BLOOD AND SOLUTION OF QUININE 


NG ol Source BuityDROCULORIDE Condition of mixture at end of 
ey of blood =< experiment 
mer 
blood | Q.21IC] weight of wet red cell 
weight of Q.2HCI 
[ | Human | 96 S5. || 95 I95 : 1 Plasma contained o:6 9, of dissolved 
haemoglobin 
| at the end of 
three hours 
2 О2о epi 96 : 1 А »4 9, 
3 9090 S56 505 77 I $5. 
] 89% 054% 71 l 18% 
5 56 % 257 о 67 Dd 25 0 
6 580 о:58196 Of : т I * 
7 2 ое 62 95 60 : 1 " 5:7 94 
N $5 87,95 6162/95 6o : I S сос " 
9 ^ 84% 981% 45:1 ` JE T ox 
10 А SOL seu. Hoes [j Red cells completely haemolysed at 
end of 7 hours 
LI Rabbit го MEO Re) Red cells completely haemolysed at 


end of 15 mins. 


these experiments the blood employed formed from 42 per cent. to 
96 per cent. of the mixture. As in the preceding experiments the 
protective action of the plasma is well marked. Thus in Experiment 
g, in which 84 per cent. of blood is present and the concentration of 


10) 


í 


quinine bihydrochloride is 081 per cent, complete haemolysis was not 
attained after the lapse of three hours, while in Table 3, with a 
concentration of the quinine salt of 0635 per cent. haemolysis was 
complete in three hours, the ratio of the weight of red blood cells to 


that of quinine bihydrochloride being 


mo 


in the first case, about 45 to 1, 
and, in the second case, 301 to т. 


э. det?on of guinine in the Farm of alkaloid on 


red blood (ra THES 


So far the action upon red blood cells of quinine in the form of a 
salt has been investigated. Since quinine has not, however, been 
shown to be present in the blood in the form of a quinine salt, but 
may possibly be present in the free state, it was therefore decided to 
(Table 5) 


investigate the action of quinine in the alkaloidal form ( 
These experiments, owing to the sparing solubility of alkaloidal 
quinine, namely one in about sixteen hundred parts of water at 15? C., 


could only be carried out in very dilute solution. The series of 


experiments given in Table 5 is similar to those given in Table 1, 
except that the free alkaloid is employed instead of the quinine salt. 
Here it is seen that the amount of haemolysis is less than when the 
quinine salt was employed, the transition point, which as before is 
sharply marked, occurring with a concentration of alkaloid of 0:063 
per cent. which is equivalent to 0077 per cent. of quinine bihydro- 
chloride, while the weight of red blood cells completely haemolysed is 
six and a half times that of the free quinine employed, or five and a 
quarter times that of the corresponding ainount of quinine bihydro- 
chloride. 


Taste 5. lfaemolysis of red blood cells by quinine in alkaloidal state. Duration of 
experiment three hours. ‘Temperature 37” C. 


Composition of NIIXTURE oF Revo Broon CELLS AND QUININE SOLUTION. 


No. of ' 
Experi- К . | 
ment Quinine (alkaloid) ey сорак. s ок 2S9 1990 
Weight ot wet red blood cells 4-8 6:4 5-0 9:6 11'1 
Weight of quinine (alkaloid) 1 1 I 1 | 1 
1 Complete | Complete | Partial Partial Trace 
z Complete | Complete | Partial Sheht Trace 
3 Complete Complete | Partial Partial Partial 
A Complete Complete | Marked Marked Trace 
5 Complete Marked Marked Partial Partial 
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lt may here be pointed out that m these experiments quinine is 
present in colloidal solution, and that film formation on the hquid-air 
surface of the quinine solution is very marked. If such a solution is 
several times poured from one vessel to another a large amount о! 
the quinine present may be separated out, and the concentration ol 
the alkaloid correspondingly lowered. It is, therefore, necessary to 
avoid as far as possible any procedure likely to cause such separatioi 
of quinine. After the admixture of the solution of alkaloidal quinine 
with emulsion of red blood cells, the tendency to film formation is no 


longer observable. 


3. Action of hydrochloric acid on red blood cells. 


The quinine salt employed in the experiments recorded im Tables 
1 to 3, when dissolved in water, becomes in part hydrolysed and forms 
an acid solution. lt becomes therefore desirable to institute a 
comparison between the action of hydrochloric acid and of quinine 
upon red blood cells. In this connection, in order to admit of a wider 
range of comparison, the action of free alkali was also determined 
and may thus be contrasted with that of quinine in the form of free 
base. The latter experiments are given in the succeeding section. 


Taste 6. Haemolysis of red blood cells by hydrochloric acid dissolved in оу per cent. 
NaCl solution. Duration of experiment three hours, ‘Temperature 37^ C. 


CowPosiTION or Mixture Or Rep Broop CELLS AND HYDROCHLORIC ACID SOLUTION. 


No. of 
Experi- | 
ment Hydrochloric acid 00137 % oig 96 ooog Ч,  0'0086% 00076 ®, 
Weight of wet red cells 146 182 219 255 292 
Weight of hydrachloric acid i 1 1 1 I 
5 4 a 388 — . 
I Complete Complete Partial Slight Slight 
2 Complete | Complete Partial Slight Slight 
3 Complete | Complete ' Marked Slight Slight 
4 Complete | Complete Complete Slight Slight 
5 Complete! Complete Marked Slight Slight 


'The experiments made with hydrochloric acid, which was dissolved 
in O'g per cent. sodium chloride solution, so as to be isotonic with blood 
plasma, are given in Table 6. These experiments form a continuation 
of those given in Table 2, with hydrochloric acid in place of quimne 
bihydrochloride. The action of hydrochloric acid in causing 
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haemolysis is effective in much weaker concentration than is quinine 
bihydrochloride, the transition point being reached with 00114. per 
cent. of hydrochloric acid, while the corresponding weight of red blood 
cells haemolysed was one hundred and eighty-two times that of the 
hydrochloric acid present. The action of hydrochloric acid was not 
confined to the liberation of haemoglobin from the red blood cells. 
The liberated haemoglobin quickly underwent a further change, a 
soluble substance of brown colour, much more stable than haemo- 
globin, but giving no absorption bands on spectroscopic examination, 


making its appearance. 


qo Action of sodium &ydrate on red blood cells. 


The action of caustic alkali on red blood cells differs from that of 
the preceding haemolytic agents, inasmuch as with it the transition 
point at which complete haemolysis ceases is not sharply defined, as 
will be seen on reference to Table 7, which, like Table 6, is a continua- 
tion of the series of experiments given in Table 2, but with sodium 


Tarte 7. llaemolysis of red blond cells by sodium hydrate dissolved in o'g per cent. 
NaCl solution. Duration of experiment three hours. ‘Temperature spo s 


Compostrion or Mixture OF Rep Broop Certs 4ND Soniuw Hyprate SOLUTION. 


No. of 
Experi- . , | 
ment Sodium hydrate 0-021, ооб, 0:016 % о'ог5 20 orones 
Weight of wet red cells aH 133 153 166 (73 
Weight of sodium hydrate 1 [ 1 | І I 
\ Complete | Almost Marked Marked Marked 
eomplete 
2 Complete | Almost Marked Marked Marked 
complete 
3 Complete | Complete Complete | Complete — Marked 
1 Complete | Complete Complete | Complete | Marked 
5 Complete | Complete Complete | Complete | Marked 


hydrate substituted for quinine bihydrochloride. In these experiments 
haemolysis was complete as far as a concentration of about 0015 per 
cent. (chemically equivalent to 0'145 per cent. of quinine bihydro- 
chloride). At this concentration the weight of red blood cells 
haemolysed was one hundred and sixty-six times the weight of sodium 
hydrate present. Thus, while the concentration of sodium hydrate in 
Table 7 is only one-tenth of that of quinine bihydrochloride in 


Table 2, yet the weight of red cells haemolysed by sodiuin hydrate is 
nearly ten times that haemolysed by the quinine salt during the same 


period of time at the same temperature. 


s. Action of quinine, hydrochloric acid and sodium hydrate 


om red blood cells compared. 


In the preceding observations the concentration of the various 
haemolytic agents has been given in percentage terms. For the sak« 
of comparison all these results are grouped together in Table 8. 
Phe action of these agents, if it be of a chemical nature, will be a 
molecular action, and in this case the concentrations employed can be 
compared only if they are expressed in molar form. In Table 8, 
therefore, the molar concentration is given by the side of the 
percentage concentration, and similarly the maximum weight of red 
blood cells haemolysed is given not only in terms of the absolute 
weight of the haemolytic agent present, taken as a unit, but also in 
terms of a gramme-molecule of the latter, taken as a unit. In this 
Table, in addition to the results already given in the first seven 
Tables, an additional concentration of sodium hydrate at the transition 
point is also given, but it has not been thought necessary to give the 
complete table from which this result has been taken, for a further 
series of experiments, with shghtly lower concentrations, is given in 
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Taste 8. Showing the relative amounts of human red cells completely haemolysed in 
three hours by quinine bihydrochloride, quinine in alkaloidal state, 
hydrochloric acid and sodium hydrate. 


Weight of wet red Wet red cells (in 
l'ablc Haemolytic Concentration of cells: Weight of grammes) : Haemo- 
agent haemolytic agent haemolytic agent lytic agent 


gramme-molecule) 


[ (Oe ge 0450 9 900113 M loups її гї 
2 ~ 1§50%, оо003809 M T3621 6200 : 1 
3 . "635090 -отбоо M 36421 1443021 
5 Q. (alkaloid 0'0628 9 = о'оотд8 M (Hia s) 2070 : 1 
0 HCl 0-0114 ©, = 000320 M 182-0 : 1 6640: 1 
= NaOll 00157 95 = o-c03z80 M 166-0 : 1 6640 : 1 

90090, = 0:00226 M 1530 : 1 $3120 : 1 


1 
we 


If the solutions employed to produce haemolysis are compared m 
respect of actual percentage of haemolytic agent present, it will be 
seen that hydrochloric acid is by far the most potent of the four 
made use of. Sodium hydrate comes close to hydrochloric acid, while 
quinine, even in higher concentrations, 15 a relatively feeble haemolytic 
agent, especially if employed in the alkaloidal state. When, 
however, the maximum weight of red blood cells completely haemo 
lysed is compared, not with the actual weight of haemolytic agent 
present, but instead, with the weight of red blood cells haemolysed 
by a gramme-molecule of the haemolytic agent, then it is seen 
that, molecule for molecule, the above difference largely disappears, 
and the weight of wet red blood cells haemolysed varies m the 
different experiments within somewhat narrow limits. The results 
collected together in Table 8 are not, however, altogether suitable 
for close comparison since the molecular concentrations in the 
different series are not identical. In order to permit of a closer com 
parison, three additional series of experiments were carried out with 


Taste 9. Hacmolysis of wet red blood cells by quinine in alkaloidal state. Duration 
of experiment three hours. Temperature 37° C. 


COMPOSITION or Mixture or Rep BLOOD Cris AND QUININE SOLUTION. 


No. of = 
Experi- | | 
ment Quinine (alkaloid) 00366"), | 00366", 0:0366",, :0366 95 | 0:0366 9) 
Weight of wet red cells 2 12 4:8 6*4 8*0 
Weight of quinine (alkaloid) 1 1 I 1 1 
1 Complete Complete | Marked | Parttal Slight 
> Complete Complete | Complete | Marked Marked 
3 Complete Complete , Complete | Very Partial 
Marked 
Complete Complete Complete | Marked Slight 
5 Complete Complete Complete Almost Marked 
complete 


quinine in the free state, hydrochloric acid and sodium hydrate, each 
series having the molar concentration 0'00113, and thus possessing 
the concentration of the transition point in Table 1. These experi 
ments are given in Tables o, 10 and 11, and the concentrations at the 
transition points are collected together in Table r2. No further 
reference is required at this point to Tables o, то and r1. In Table 
12 it is seen that, when equimolecular concentrations are employed, 
the weight of red blood cells completely haemolysed in three hours 


| 
| 
Ü 


| 
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at 37° C. is in every case nearly the same, varying within very narrow 
limits, hydrochloric acid and sodium hydrate haemolysing in the 
concentration, given respectively 3,220 and 4,520 parts by weight of 


Taste то.  Haemolysis of red blood cells by hydrochloric acid dissolved in og per cent. 
NaCl solution. Duration of experiment three hours. ‘Temperature 37° C. 


Composition oF Mixture or Reb Broop Cries AND Hyprocutoric Acip 


No. of = = — =: 
Experi- ' ! 
ment Hydrochloric acid o'004196, o-0041% | o'oo4r % ! o'ooji ©, 2*0041 ©, 
Weight of wet red cells S47 72°9 gr 109 127 
Weight of hydrochloric acid i ' Т [ JS f 
I Complete Complete | Complete Slight Trace 
2 Complete Complete | Complete | Slight Trace 
3 Complete Complete | Complete ^ Slight Trace 


wet red blood cells per gramme-molecule of haemolytic agent, quinine 
in the alkaloidal form 1,550, and quinine bihydrochloride 4,130 parts 
of red cells. Quinine in the alkaloidal form, as already mentioned, is 
in colloidal solution in water. The low figure, which it gives, as 
compared with hydrochloric acid and sodium hydrate, which are in 
true solution and nearly completely ionised, may possibly be in part 
determined by the physical condition of hydrosol in which the 


Тане ri. Haemolysis of red blood cells by sodium hydrate dissolved in o'y per cent. 
NaCl solution. Duration of experiment three hours. Temperature 37° C. 


Composition or Mixture OF Rep BLOOD CELLS AND Sopium HYDRATE 


No. of 
Experi- , s a š ^ 
ment | Sodium hydrate 0004579 , 00045 9) особ) 00045 % 0-0045 % 
| Weight of wet red cells 93 (13 113 153 173 
| Weight of sodium hydrate т | 1 I 1 1 
| 
| Complete Complete Marked Slight Trace 
2 Complete Complete Almost Marked Trace 
complete 
3 Complete Almost Marked Slight Trace 


complete 


alkaloidal quinine exists. On the other hand quinine bihydrochloride 
is in part hydrolysed, so that we have here to do with a triple effect, 
the solution being in reality a mixture of quinine salt, quinine in the 
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alkaloidal form, and hydrochloric acid. On this account the produc- 
tion of a relatively greater degree of haemolysis is to be expected. 
Taking all these facts into consideration, the results in Table 12 
certainly suggest that in all cases the same process is at work, in 
other words, that whether haemolysis is caused by quinine salt, by 
quinine in the alkaloidal state, by hydrochloric acid, or by sodium 
hydrate, an identical reaction occurs. This point will be further 
referred to in the next section. 

In addition to their haemolytic power the four substances in 
question may also be compared in respect of several other features. 
In the first place the sharpness of the transition point may be 
considered. This, as has already been mentioned, is well defined for 
quinine bihydrochloride, quinine in the free state and hydrochloric 
acid. If the series of tubes, in which the mixtures of haemolytic 
agent and red blood cells are contained, is examined at the end of 
three hours at 37? C., it is found that haemolysis is complete in all 
tubes up to the transition point. In the next tube there is more or 
less incomplete haemolysis. In the succeeding tube the haemolysis 1s 
slight, and in further tubes the supernatant liquid, left after centri 
fugalising, shows no indication of laking recognisable with the naked 
eye. With sodium hydrate, however, although the transition point 
can be recognised, there is no sudden cessation of haemolysis in the 
tubes lying beyond this point, but instead the degree of haemolysis 
lessens very gradually, most of the red cells present in the fifth or 
sixth tubes beyond that of the transition point being generally 


[= 


haemolysed. 


Tarte 12. Comparison of the action on human red blood cells of quinine bihydro- 
chloride, quinine in alkaloidal state. hydrochloric acid and sodium hydrate in the same 
molecular concentration. The amounts of red cells given were the largest amounts 
which could be completely haemolysed in three hours at 37° С. 


Weight of wet red Wet red cells (in 

‘Table Haemolytic Concentration of cells: Weight of grammes): haemo- 
agent haemolytic agent haemolytic agent lytic agent 

Е (gramme-molccule) 


I Q. 2 ПС o'0450 % = 000113 M Іо: ей 
9 О. (alkaloid) 0:0366 % = o:00113 M DENT ET ES 
10 НСІ о'оо4т %, = 000113 M өт: 3220: 1 
TT NaOH 00046 94, = o*oort3 M dm Bu 4520 :1 


* in 0:00113 M concentration quinine bihydrochloride is hydrolysed to the extent ol 
about ten per cent. 


2 


A further difference between the haemolytic agents hes in their 
action in producing a further change in the haemoglobin liberated 
from the red cells Hydrochloric acid produces the most marked 
effect, rapidly and, in the stronger solutions, in Table 6, completely 
changing the liberated haemoglobin, so that a brown solution results, 
which, as already mentioned, gives, on spectroscopic examination, no 
absorption bands. In less concentrated solutions the appearance of 
the brown coloration is less marked, but continues to increase when 
the tube is kept. Quinine bihydrochloride also produces the same 
change, especially in the more concentrated solutions which were 
employed, but in much less degree. In the more concentrated 
solutions of sodium hydrate also the brownish coloration is produced. 
On the other hand, quinine in the free state produces little change of 
this kind, the tubes in which it is contained not turning appreciably 
brown. Moreover, emulsions of red blood cells laked by free quinine 
exhibit little difference, as far as the haemoglobinometer reading 15 
concerned, from emulsions of the same strength laked with distilled 
water, and the haemoglobin set free from red blood cells by alkaloidal 
quinine changes very slowly on keeping, so that the haemoglobino- 
meter reading does not vary during the period of three hours to a 
degree sufficient to vitiate the experiment, as is the case with the 
remaining three haemolytic agents. Quinine bihydrochloride was 
found to cause the appearance of a relatively small amount of 
methaemoglobin. 

A third point of considerable interest bearing on the nature of the 
process of haemolysis lies in the amount of haemolysis which the 
different concentrations of the haemolytic agents are capable of 
producing. Table 8 shows that the weight of red blood cells 
completely haemolysed in three hours by quinine bihydrochloride is 
approximately proportional to the square root of the concentration, 
for on reference to Experiments 1, 2 and 3 it is seen that the weight 
of red cells is 10'4, 15'6 and 364 that of the quinine salt, while the 
respective concentrations of the latter are 0'045 per cent, 0155 per 
cent. and 0635 per cent. If the weight of red blood cells completely 
haemolysed were exactly proportional to the square roots of the 
concentration of quinine salt, the first figures would be 104, 18:5 and 
39'3 respectively, a difference which is well within the range of 


experimental error. For the concentrations of hydrochloric acid and 
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sodium hydrate employed, which are well in the nighbonrhood of the 
lowest concentration of quinine bihydrochloride, the weight of red 
blood cells completely haemolysed per unit weight of the haeinolyti 
agent is also approximately proportional to the square root of thi 
latter. Thus in the case of hydrochloric acid the maximum weight 
of wet red blood cells completely haemolysed in three hours in 
concentrations of 0'00114 per cent. and o'o 41 per cent. respectively is 
182 and gr, the calculated amounts being 153 and gi. Similarly with 
concentrations of sodium hydrate of 0'0157 per cent., 0'0090 per cent 
and 0'0045 per cent. the maximum we ights of red blood cells com 
pletely haemolysed in three hours at 37° C. were respectively 166, 133 
and 113, per unit weight of the haemolytic agent, the calculated 
amounts being 163, 136 and 113. In the case of quinine in the free 
state, although here, in consequence of the sparing solubility of the 
alkaloid and the limited rauge of concentration available, it has not 
been possible to determine this point with sufficient accuracy to enable 
an altogether satisfactory proof of the relationship between con- 
centration and haemolytic power to be given, the concentrations 
employed being somewhat close together and the experimental error 
relatively large in consequence, yet the figures obtained —6'4 and 4/8 
for the red cells and 00628 рег cent. and 070366 per cent. for the 
concentration- indicate that the former is proportional to the square 
root of the latter, the calculated amounts for the red cells being 5:8 
and 48 respectively. 


6. Nature of the action of quinine in the alkaloidal slate on 


red blood cells. 


When haemoglobin is set free the action of the haemolytic agent 
is not directed to the red cell as a whole, for the cell is not chemically 
homogeneous, but to one of its constituents. Whether this constituent 
1s haemoglobin itself or is part of the stroma, as in the case of 
haemolysins produced as antibodies by the injection of red cells into a 
foreign organism,* is not determined by our further experiments, 
which have instead been directed to the problem, what is the nature 
of the action of the haemolytic agents which have heen used in the 


* Ivar Bang und }. Forssman, Untersuchungen iiber die Hümolysinbildung. Zeitschr., 
f. d. ges. Biochemie, 1906. Bd. VILI, S. 238. 
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preceding investigaticn, in particular, 1s their action a chemical action, 
or does a purely physical process take place ? 

With a view to finding an answer to this enquiry, it was decided 
to determine the reaction rate at which haemolysis proceeds in the 
heterogeneous system formed by red blood cells suspended in liquid 
containing a haemolytic agent. This was found to be possible only 
in the case of quinine in the alkaloidal state, the remaining three 
haemolytic agents causing, in addition to haemolysis, decomposition 
of the liberated haemoglobin, and thus preventing the estimation of 
the amount liberated from being carried out. 

The mode of procedure finally adopted for the determination of 
the reaction rate of quinine in the alkaloidal state was as follows: 

Method. About 100 c.cm. of an emulsion of washed red cells in 
0'9 per cent. sodium chloride solution containing 00358 per cent. = 
0'00108 M. of quinine was prepared. This was placed in a water bath 
kept within + 0°5° C. of the temperature selected for experiment. The 
emulsion was shaken up every fifteen minutes and at the eud of an 
hour, and subsequently at half hourly intervals, samples of the 
emulsion measuring about 10 c.cm. were pipetted off and the per- 
centage of haemoglobin (in terms of the equivalent amount of healthy 
red cells in the moist condition) present in the supernatant liquid after 
centrifugalisation, diluted if necessary with one to three parts ot 
distilled water, determined by means of a haemoglobinometer, the 
absolute value of the readings of which had been previously ascer- 
tained in terms of the equivalent weight of red cells of one of us taken 
as a Standard. Inasmuch as the laked haemoglobin undergoes a slight 
deterioration during the course of the experiment, a small correction, 
representing the mean of several determinations, and amounting to 
0:5 division of the haemoglobinometer scale per hour, was applied to 
the readings. This correction is slight for the earlier haemoglobin 
estimations, and negligible for the later ones. The haemoglobino- 
meter readings were readily made, the variations between successive 
readings of the same solution lying within + 2 per cent. of the whole, 


and for readings lying between 25 and 65$ on the scale being usually 
identical. 


A senes of estimations of the actual and percentage amounts of 
red blood cells haemolysed in successive periods of time is given in 
Table 13. The initial concentration of red cells in the emulsion was 


20 


04706 per ceni., and the percentage of quinine in the free state 0'0358 
per cent.—o'ooro8 M. To the results given in the second and third 


columns the formulae for bimolecular and multimolecular reaction 


Paste 13. ‘The rate of haemolysis of red blood cells by a 00358 "o solution of quinine 
in 0*9 % solution of sodium chloride. The ratio of the weight of wet red cells to the 


amount of quinine present is 12:6 : 1. Temperature of experiment 37 C. 
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rates were applied, but the values of К obtained were so divergent 
that these two reaction rates may be excluded from consideration. 
In Table 13 the reaction rate constant for monomolecular reactions, 


- 1 Co . А EN Š 
|с == log —.iscalculatedin the last column The values obtained 


pae Р, Cy 
range between o'0009 and 00047, the mean being o'oo22. The 
variations in the value of K are greatest at the beginning and end of 
the process of haemolysis, being low at the former and high at the 


latter. If, however, the period t, to t, is alone considered, the 


T 
variations are much less, and during this period the reaction follows 


fairly closely a monomolecular rate. 


TABLE 14. Reaction rate constant of the experiments recorded in Table 13 recalculated. 
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The mode of calculating K adopted im Table 13, namely by 
determining K for a series of periods, each of which commences at the 
same point of time, that is to say, the time at which the experiment 
is begun, is well adapted for showing progressive variations in the 
values of K, since in this way the irregularities due to error of estima 
tion become less accentuated. The latter are greatest when Ë is 
calculated for every pair of successive estimations, as is done m 
Table 14, where the values obtained present greater irregularities than 
in Table 13. The method of calculation adopted in Table 14 gives a 
more correct average for the period t, to t,, than is obtainable by the 
method employed in Table 13. In Table rs the percentages of red 


cells haemolysed are calculated from the average value of K between 


Tarte ts. Comparison of percentages found in Tavle 13 and those calculated from the 
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t. and t, obtained in Table 14. It is seen that within this period there 
is a close correspondence between the calculated and observed 


percentages. A comparison of the calculated and observed results, 


preceding and following this period, wlich are given m brackets, 
shows, as 1s also seen in Tables 13 and 14, the extent to which at the 
beginning haemolysis proceeds slowly and towards the end progresses 
with increased rapidity. The cause of this initial delay and final 
acceleration of the process of haemolysis is not clear; it may 
perhaps be dependent upon the physical conditions under which the 
interaction of cell and haemolytic agent occurs. It is, however, 
established by the above experiments that the reaction in question 
during the greater part of its course resembles a chemical reaction 
monomolecular in character, presenting, however, an initial retarda 
tion and final acceleration. 

In Table 16 the series of experiments given in Table 13 is 
repeated, and seven other series added. In these the reaction rate 
constant is calculated for the period t, to t,, the starting point being 
t, instead of t, as in Table 13. This method of calculation has been 
adopted because of the difficulty of ascertaining the precise moment at 
which the temperature of the emulsion becomes identical with that of 
the water in the bath. In these different series of experiments 
haemolysis is seen to follow pretty closely a monomolecular rate 
except at the beginning and end of the reaction, when the respective 
slowing and acceleration already referred to occur, while on the other 
hand a bimolecular or multimolecular rate is excluded by the much 
wider range of variation in the value of the constants calculated for 
such reaction rates. The actual reaction rate as shown by the values 
of K varies from day to day even in the same healthy individual, the 
variations being greater in the series Y, to Y, than in the series 
B, to B,. The cause of these variations, which appear to he outside 
the range of experimental error, is obscure. It is true that variations 
occur in the red blood cells employed in different experiments. In 
particular, it was constantly found that although the percentage 
weight of wet red cells in the emulsions was always the same, namely, 
0'444 per cent, being determined by means of the haemocrit, yet 
when the red blood cell content of the emulsions was determined 
(after laking with distilled water) by means of a haemoglobinometer 
reading the result was different in each case Thus in the expen- 
ments recorded in Table 16 the haemoglobinometer determinations ol 


the emulsions were found to vary from 0'470 per cent. to 0532 per 


cent. These variations are too large to be accounted for as due to 
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error of experiment. Moreover, such diurnal variations in health 
have their counterpart in the much larger variations in disease, as 
will be seen later in Table 24. Here we have evidence of variation 
in the content of haemoglobin per unit volume of wet red blood cells 
which is capable of independent variation in health. When, however, 
the variations in haemoglobin in different samples of blood from the 
same individual in Table 16 are compared with corresponding values 
of K, it is seen that no constant relationship between the two is 
recognisable. The mean value of K at 37° C. for the Y series is 
0°0035, and for the B series o'oo3o. 

In monomolecular reaction rates at different temperatures the 


relation w pu 1 ) 
9 


K = e Ет 
holds, 7, and т, being the absolute temperatures at which two estuna- 
tions of K are carried out. To ascertain if this relation held for the 
haemolysis of red cells by quinine, the series of experiments recorded 
in Table 17 were carried out at temperatures of 37° C., 31° C. and 
259 C. respectively, the concentration of quinine (in the alkaloidal 
state) being o'00113 M. (00306 per cent). hı order to avoid the 
effect of the diurnal variations in the composition of the red cells, 
ilustrated in Table 16, each of the three sets of determinations 
(Experiments 1 to 4, Table 17) was carried at the same time with 
portions of the same emulsion of red cells in quinine solution. In 
Table 18, with the aid of the values of K obtained from Table 17, 
the value of и was determined. Before proceeding to consider the 
value of the latter constant, however, a few remarks may be made 
upon the data obtained in the former Table. 

In the first place, it is to be observed that the same initial delay and 
terminal acceleration of the process of haemolysis, which has already 
been noted at 37? C. in Table 16, occurs also at 319 C. and 259 C. 
When the concentration of the red cells has been reduced by 
haemolysis to about 80 per cent, the reaction proceeds at all three 
temperatures at a tolerably constant rate until the concentration of red 
cells reaches about 20 per cent. Between these limits the values of K, 
calculated for a monomolecular rate, do not exhibit any very great 
variation; when calculated for a bimolecular or multimolecular 
reaction rate, the variations obtained are sufficiently great to exclude 
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these reaction rates. Above the upper limit the values of К for a 
monomoleeular reaetion rate beeome increasingly small, and below the 
lower limit they beeome increasingly high. The marked eharacter of 
the initial retardation and final aeceleration is also well illustrated 
when the pereentages (enelosed in braekets in Table 17), lying with 
out the limits just given, are caleulated aeeording to the mean values 
of K obtaining within these limits. Two interpretations may be placed 
upon the different course taken by the reaction at its eommencement 
and its termination: it may be that the reaction rate is, m itself, 
complex in character, beeoming simple and monomolecular in one 
stage of its course; or it may be that the physical conditions, under 
whieh the reaction takes place, are such as to influence its rate at the 
beginning and again towards the end of the haemolysis, but not to any 
considerable extent in the rest of its course. In favour of the latter 
interpretation is the fact that, on the one hand alkaloidal quinine 15 11 
colloidal solution, and, therefore, cannot enter into a ehemieal reaction 
so readily as if it were in true solution, while on the other hand the 
red cell is surrounded externally by a membrane, which may offer 
physieal difficulties to the entrance of the haemolytic agent into its 


interior 


Taste 18. Determination of value of U from experiments recorded in Table 17. 
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Presumably dependent on the same cause are the variations in tl 
values of K observable in the individual experiments in Table т, 
These are greater than those in Table 10, ranging at 37? C. betwe 
0'0030 and 0'0102 (or, when recalculated from the mean value of , 
between 0:0026 and 00087). Table 17 shows that, in each emulsic 
these individual variations characterise the reaction rate at al 
temperatures employed; thus if the rate is rapid at 37? C., it is als 
rapid at 31? C. and at 25? C, and if relatively slow at the firs 
temperature it is also relatively slow at the lower temperatures. Thi 
relationship is seen at a glance in Table 19, which illustrates th 
necessity of making simultaneous observations of the reaction rate ol 
the same emulsion at different temperatures in order to determine thc 
value of и; obviously values of K taken at random from different 
experiments are of no value for this purpose. It will be noticed als 
that, owing to the large number of observations which require to be 
made, and the rapidity with which reaction proceeds at 37? C., som 
difficulty is experienced in obtaining a sufficient number of estima 
tions lying between 80 per cent. and 20 per cent. at this temperature 
The values lying beyond these limits, which are neglected in 
calculating the mean value of K, are indicated, in the Table, with an 
asterisk. In Table 18 the initial percentages of red cells in the 
different experiments are given; no definite relation between the 
concentration of red cells employed and the values of K or и is to be 
observed. 


“TABLE 19. Comparison of values of К at different temperatures. 


No. of Experiment. Calculated for и = 15000 
Mean 

T I 22 3 4 I 2 3 + 
37C: 0°0078 о'0071 ©0102 0:0030 | 0r0074 0°0071  0:0087 0:0026, o-0065 
Sra 0:0043 0-0044 0004) 00015 070046 ooog} ooog 00016! о:оо{о 
er (er 0°0032 — O-0040 0:00095 00028 00027 00033 o'ooto| 00024 


In Table 18 the value of и is determined, separately for each 
experiment, from the data given in Table 17, by the aid of the 
formula given on p. 33. In each experiment three values of и are 
obtained, the mean of which is taken as the true value. Although 
the mean values show some variation, being highest in Experiment 4, 


14 
2/ 


in which haemolysis proceeded relatively slowly, and low in 
Experiments 1 and 3, in which haemolysis was relatively rapid, yet 
these variations are inconsiderable, the values of w lying within a 
narrow range, the highest mean value being 18,000 and the lowest 
11,600, the mean of all being 15,000. From the latter value of 4 the 
lowering of the temperature required to diminish the rate of reaction 
to one-half may be calculated; at 37? C. it amounts to 9° C. With 
the aid of this mean value of 15,000 the percentages in Experiments 
т to 4, Table 17, are re-calculated, the values of K thus obtained not 
differing greatly from those determined by experiment. The 
difficulties in the way of carrying out these experiments, it may be 
observed, are by no means inconsiderable. 


Additional confirmation of the conclusion already reached (p. 31), 
that haemolysis produced by the action of quinine in the alkaloidal 
form resembles a chemical process, not a physical one, is thus afforded 
by the circumstance that approximately identical values of и are 
obtainable in the experiments at varying temperatures recorded in 
"Table 18. 

The fact that, in the heterogeneous system formed by red blood 
cells suspended in a hydrosol of alkaloidal quinine, haemolysis 
progresses, except at the beginning and end of the process, at a mono- 
molecular rate, indicates that quinine behaves like a catalytic agent, 
its action being similar to a ferment action comparable, for example, 
to that of pepsin. Quinine bihydrochloride, hydrochloric acid and 
sodium hydrate presumably also act like catalytic agents. The 
resemblance of these haemolytic agents to pepsin is all the greater 
when it is borne in mind that the amount of red cells completely 
haemolysed in three hours at 37°C. is proportional to the square root 
of the concentrations employed, for precisely the same relationship 
holds, within certain limits, for pepsin.” The value of и for the 
digestion of gelatine by pepsin was found by Sjóqvist to be 10,750, 
and for the digestion of egg-albumin by pepsin to be 15,570. These 
values are not far removed from those obtained for the haemolysis of 
red cells by quinine. 

It is to be anticipated that, as quinine in the free state, in 
producing haemolysis of red blood cells, resembles a catalytic agent, 


* Sjóqvist, Scandin. Archiv. f. Physiologie, 5 (1895). 
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it is not used up to any considerable extent in the process, and that 
its concentration is therefore little altered by the reaction taking 
place. To test this point the series of estimations recorded in Table 
20 and 21 were made. In these estimations a weighed quantity oí 
quinine sulphate was dissolved in such an amount of оо per cent. 
sodium chloride solution as to produce about the same concentration 
as that employed in the experiments given in Table t. Red cells 
were then added. In the first four experiments the weight of red 
blood cells taken was comparable to that in Table 1, in the remaining 
experiments much larger amounts of red cells were employed. When 
it was judged that sufficient time had elapsed for the red cells to take 
up quinine, the amount of the latter still remaining in solution was 
determined. 


Method. In these estimations healthy human blood wa 
employed throughout, being withdrawn by means of a sterilised glass 
injection syringe, from the cephalic, median-cephalic or ulnar vein of 
the upper limb, which was bandaged close to the axilla so as to 
obstruct the venous circulation. The time occupied in withdrawing 
blood was from ten to thirty seconds, and the amount withdrawn 
ranged from 4 ccm. to 27 ccm. Without any delay the blood so 
obtained was discharged inio a beaker containing a freshly prepared 
г per cent. solution of potassium oxalate, in the proportion of five 
parts of the former to one part of the latter, and the mixture at once 
centrifugalised. The red cells quickly subsided and the supernatant 
serum was pipetted off. The red cells were then added in measured 
amounts to a solution of quinine sulphate, the bulk of which was 
about 200c.cm. The emulsion was kept in a stoppered glass bottle 
which was shaken every half hour for two hours, after which the 
red cells were allowed to subside at room temperature (17° C. to 
19° C.), subsidence being completed in sixteen to twenty-four hours. 
No haemolysis took place. As much as possible of the supernatant 
liquid, which was clear or, with the larger amounts of red cells, very 
faintly opalescent, was removed with the aid of a capillary siphon, 
and the amount of fluid still remaining, usually not exceeding $ per 
cent. of the original amount, was measured. It will be noted that 
the quinine solution after the first two hours was not everywhere 


equally exposed to the further action of the red cells, these gradually 
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disappearing from the upper part of the liquid and becoming 
increasingly dense below. 


The amount of quinine in the supernatant liquid so obtained 
was then estimated, and from this the total amount of quinine still 
remaining in solution determined. The method of estimation 
employed was that of Giemsa and Schaumann,” slightly modified to 
suit the conditions under which our investigation was carried out. 


To the supernatant hquid, which was contamed in a stoppered 
glass bottle holding 300 c.cm., about 2g. of solid potassium hydrate 
were added. When the potassium hydrate had dissolved, the 
liquid had in most cases become milky in aspect, though no precipi- 
tate was recognisable. 7oc.cm. of ether were now added, the 
milkiness at once disappearing. The mixture of ether and watery 
solution was then shaken for half an hour. lf the ether did not 
separate out, a small amount of alcohol was added, when ready 
separation took place. The ether was then transferred to a flask, 
by means of a capillary siphon, the amount of the upper layer of 
ether left behind being one-tenth to one-twentieth. Ether was now 
added again in three successive amounts of 50c.cm., and siphoned 
off as before, in each case after half an hour's shaking. It may here 
be mentioned that three extractions with ether as recommended by 
Giemsa and Schaumann were not always sufficient to remove the 
last traces of quinine. The ether was then distilled off and the 
residue dried in a water oven at 98° С. When quite dry the residue 
was taken up with chloroform. The chloroform extract was put up 
in a weighing bottle, allowed to evaporate in a water oven at 70° C., 
then kept at 120? C. for one hour and weighed. The residue thus 
obtained was glassy in appearance, and colourless or of a faint 
brownish tint. It was found necessary to re-distil the ether and 
chloroform, and to test for the presence of any non-volatile residue 
before use In the hands of Giemsa and Schaumannt three 
estimations of 0'05 g., От g. and 0'02 g. of quinine respectively gave 
an experimental error of - 04 per cent, + О per cent. and — 12 per 
cent. In our estimations two control amounts ol o'rroog. are 


* Pharmakalogische und chemisch-physikalische Studien über Chinin, Arch, |. 
Schiffs- u. Tropenhvgienc, 1907, Bd. XI, S, 7. 


| Loc. cit. p. 18. 
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recorded, with an experimental error of — 2:6 per cent. and — 1'5 per 
cent. respectively. 
The observations recorded in Tables 20 and 21 show that undei 


the conditions of experiment obtaining, which, as already mentioned 


) 


were similar to those in Table 1, namely with a quinine sulphate 
solution of about 0'05 per cent. concentration and with an amount о 


‘TABLE 20. Determination of the amount of quinine withdrawn from solution by healthy 
human red blood cells. Duration of action of red blood cells on quinine sulphate 
dissolved in o'9 per cent. solution of sodium chloride eighteen to twenty-four 
hours. "Temperature of experiment, 17^ C. to 19° C. 


Weight of 


No. of Amount of Equivalent; Concen- Amount Percentage Weightof wet red 
Experi- quinine amount of | tration of of quinine of quinine wet red cells : 
ment sulphate quinine quinine | recovered recovered cells taken | Weight of 
taken sulphate quinine 


sulphate 


"1098 р. | 00473 g. o'10gog. 95695 I*6 р. Toi: 


I ©1263 g. ° I 
2 0:1263 g. o:1008g. | 00547 р. O'ro47 р. 95496 1'8 р. nil gh 
3 0' 1263 g. o'1098 р. | o'0522 р. | o'1071 £. 975% 2:2 6. I 
4 O'I193 g. 0'1037g.  O0'0529 g. 0'1023 р. | 988%, 2:6 g. B2, B 
5 0:1263 g. o098 р.  oos4rg.  oog8sg. | $88.96 798g. B3 : 1 
6 ©1193 g. ©1027 g. | 0:0534 Б. o'0907 g. | 877% 107 g- 9o : I 
7 o'1189 g. 0:1032 g.  00571g. | oo8o8 р. | 78:3 90 12°0 8. deii DH 
8 | O'r267g. | отоор.  O'O517g. | O'IO7I р. 97:4 96 — — 
control 
9 0:1267 g. o'u100g. 00517 8. | o1084g. | 98:596 — — 
control 


red blood cells in such excess as to prevent any trace of haemolysis 
during the course of the experiment, quinine is withdrawn from 
solution by red cells. In the first four experiments the withdrawal 
of quinine from solution by the action of the red cells is not satis- 
factorily exhibited since the amount taken up hes too near the error 
of experiment. When, however, the weight of red cells, instead of 
being r5g. to 26g. [Experiments 1 to 4, Table 20] 1s from 708g. 
to I2 g. then the amount of quinine withdrawn, though relatively 
small, les altogether beyond the range of experimental error and 


becomes readily ascertainable, varying between II per cent. and 
22 per cent. of the amount originally present (Table 23). It is thus 
clear that the red cells take up quinine, and the amount which is 
combined is found (Experiments 5, б and 7) to be about 0°14 per 
cent. If we assume that the amount of quinine taken up by varying 
amounts of red cells, when the final concentration of quinine in the 
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surrounding fluid is in all cases the same, is proportional to the weight 
of red cells present, then in а final concentration of 0'0404 per cent. 
the amount of quinine taken up by 2g. of wet red cells would be 
abont 3 per cent. of the amount originally present in solution, under 
the conditions of experiment obtaining in Table 20. In view of the 
results obtained in the comparative expcriments recordcd in Table 9, 
it may be doubted if this simple relation holds. It may be suggested 
that the quantity taken up by the smaller amounts of red cells would 


Taste 21. Determination of the percentage amount of quinine, contained in red blood 
cells in the experiments recorded in Table 20. 


| Percentage 
| Weight of of the 
| wet red cells: quinine, Final con- 
No. of Weight of originally Percentage centration of 
Experi- Concentration of quinine sul- quinine present, of quinine — quinine in 
ment phate originally present present at | which was іп wet red liquid part 
beginning | withdrawn cells of emulsion 
of experi- |from solution of red cells 
ment by red cells 
i 0047396 = eo41296 quinine — 137 : 1 (44 95) (0320 %) ©0393 % 
2 0054796 = 0047590 » 164 : 1 (4:6 %) (028495) — 00415396 
3 05220 SONS S 20:0 : I (z: š % (0:123 %) 0704425 
4 | 00529 % = 0046096 » 250:1 (1:290) (0"054 %) "0455 96 
5 ооз41 % = 0047095 | 897:1 1153 % 014396 | 004776 
6 0053495 = oo464965 „у 103:3 : I 12:306 0:121 95 0:0407 95 
jw of = о о; 5 o/ of ` 0/ 
7 0571 % = 0°0496 %_ » uG CG 21 7 7 о'187 % о'0388 % 
mean of | 5, 6 and 7 = o:o477 quinine | mean of 5, 6 mean of 5, 6 
and 7 = and 7 = 
| 013796 , 00404196 


probably be relatively greater than that taken up by the larger 
amounts in Tables 20 and 21. Unfortunately the determination of 
the amount taken up by small quantities of red cells, representing 
the small difference of two estimations, each subject to an error of 
experiment, which is not of ncgligible dimensions, cannot be carned 
out with sufficient accuracy to settle this point. 

Returning now to the enquiry, which formed the starting point 
-of the experiments in Tables 20 and 21, namely, whether quinine is 
used up to any considerable extent when acting upon red cells so as 
to cause haemolysis, we find that under the conditions obtaining in 
the experiments recorded in Table 1 the concentration of the quinine 
solution undergoes a diminution, but that the extent of the diminution 
is very small. The conclusion arrived at on p. 38 is therefore 
confirmed. 
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A further relation exists to which reference may be made. So 
long as the haemolysis of red cells proceeds at a monomolecular rate 
the amount of red cells haemolysed during any short period of time 
15 closely proportional to the concentration of the red cells in the 
emulsion at the beginning of the period. This is seen to be the case 

for Table 15, in which the weight of red cells haemolysed each half 
hour is found to be, for the calculated amounts, almost exactly 0:236 

of the concentration at the beginning of each period [thus 
QU - 095-21 ец» 0238, and so on]: 


7. Action of yuinine on healthy red cells in the living bod y. 


Ihe experiments recorded in Table | show that quinine bihydro 
chloride scarcely has auy action upon red blood cells until its concen 
tration reaches o's per cent. If the percentage of quinine salt falls 
below this amount extremely little change takes place on keeping 
three hours at 37°C. Assuming the amount of blood in the human 
body to be 5,000 c.cm., the amount of quinine bihydrochloride required 
to produce a concentration of o's per cent. would be 25 granunes 
| (387 grains), that is 0'3 g. per kilo of body weight, if the quinine 

| were introduced intravenously. Since a dose of this amount, which 
would be rapidly fatal, is far above the maximum amount taken 


Turk 22. Quinine in relation to blackwater fever. 


Case Amount of quinine taken Relation to appearance of blackwater 
' — E 
| А 5 grs. at mid-day, 8 grs. at 3 p.m. Passed blackwater at 6 p.m. 
| B ‘Two 10-gr. doses in afternoon and evening, Passed blackwater at t a.m. 
| C I (1) to grs. a day for two days. Passed blackwater on thc third day. 
Hi | (2) (A year later) 10 grs. at 6 a.m. Passed blackwater at 7 or 8 a.m. 
| D | !(1) 10 grs. Passed blackwater soon afterwards. 
| | (2) 5 grs. hypodermically. Passed blackwater one and a half hours later. 
E to grs. in evening. Passed blackwater next morning. 
* | 6 grs. before and 6 grs. after dinner. Passed blackwater in night. 
G | Three s-gr. doses of quinine. After the first dose passed brown urine. 
H | $ grs. of quinine a day for two days. Blackwater on the fifth day. 
| Took no more medicine. 
i | to grs. for two evenings. Blackwater second night. 
il 6 grs. hypodermically at 10 a.m. Urine porter coloured at mid-day. 
K | 10 grs. Blackwater next day. 
m | 35 grs. in s-gr. doses in two days. Blackwater on third day. 
M | 9 grs. on two successive mornings. Urine dark on second morning, porter 
| coloured same evening. 
і 
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medicinally, and as, moreover, quinine 15 not stored up ш the body 
as such,” it follows that the maximum amount taken medicinally, 
rarely reaching 3 grammes (46'5 grains), cannot produce haemolysis 
of healthy red blood cells in the circulation. The possibility of the 
haemoglobinuria of blackwater fever being due to the direct action 
of quinine on healthy red cells in the blood stream is thus absolutely 
excluded. That some other explanation of the action of quinine in 
causing blackwater fever must be sought is evident also from the 
smallness of the dose which ordinarily is followed by blackwater. 
Thus in Table 22, i which thirteen attacks are recorded, five grains 
or more hypodermically and nine grains or more by the mouth were 
followed by blackwater fever. These may be taken as representative 
amounts required to produce blackwater. In animals the hypodermic 
administration of quinine fails to produce haemoglobinuria, as the 
experiments recorded in Table 23 show, even when the dose is 
relatively far higher than in Table 22. 


Taste 23. Haemoglobinuria in relation to quinine in animals, 


No. of Amount of quinine bihydro- 
Experi- Animal chloride injected per Result 
ment kilo of body weight 
| 
E. 
1 Rabbit — ... œ13 g. intravenously Death within an hour. 
2 2 0-08 g. hypoderinically No haemoglobinuria. No ill effect. 
Bae es: о'т6 g. hypodermically No haemoglobinuria. No ill effect. 
а ЮЕ 2 o5 g. hypodermically No haemoglobinuria. Convulsions at end of 
| | rk hours; death at end oí 2 hours. 
5 Dog ae (0°25 g. hypodermically | No haemoglobinuria. Unsteady after first 
| 1025 g. hypodermically 4% injection; convulsions and death ten 
I hours later minutes after second injection. 
6 x ©°15 g. hypodermically No haemoglobinuria. No ill effect. 
7 t o2 g. hypodermically No haemoglobinuria; no haemoglobinaemia 


| Death at end of onc hour. 


The fate of quinine in the body is only partially known. — Kleine,f 
Mariani, Schmitz§ and Giemsa and Schaumann showed that the 


КЕК cit. 


+ Uber die Resorption von Chininsalzen, Zeitschr. . Hygiene u. Infektionskrankheiten. 
Bd. 38, S. 190, 


{ L'assorbimente e l'eliminazione della chinina e dei suoi sali. Atti della Società per 
gli studi della malaria, 1904. 


$ Über die Ausscheidung des Chinins im menschlichen Harn. Archiv. f. experimentelle 
Pathologie und Pharmakologie, 1907. 


C" Tres сї. 
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amount of quinine eliminated as such in the urine during the first 
twenty-four hours aftcr administration is usually 15 per cent. to 26 per 
cent. of the amount administered. In the body only traces of quinine 
can be recognised. Giemsa and Schaumann* found quinine in the 
blood in only one out of three cases after its administration, and in 
this the quinine, which was present in amount too small for estimation, 
was found in the plasma only, not in the red cells. It would therefore 
appear that the amount of quinine reaching the blood stream and able 
to act directly upon the red cells is extremely small. 


(b) The action of quinine on red cells during blackwater fever. 


In the preceding subsection the action of quinine upon healthy 
red blood cells has been studied in considerable detail, so that the 
behaviour towards quinine of red blood cells during blackwater fever 
may be the more readily compared with their behaviour in respect of 
this alkaloid during health.t 


Method. Тһе mcthod of testing employed has been that used in 
Table r, and involves the withdrawal of about ten drops (0'5 c.cm.) 
of blood from the finger, the procedure adopted being as follows: 
The blood coming from the finger was allowed to fall drop by drop 
into a small collecting capsule of glass, containing a measured amount 
of а I per cent. solution of potassium oxalate. As soon as enough 
blood had been collected the volume of the mixture was measured. 
The object of these two measurements was to ascertain the percentage 
by volume of red cells, and also the haemoglobinometer reading of 
the undiluted blood. 1f, however, it is not desired to obtain these 
data, then the two measurements in question may be omitted. The 
next step was to make a haemocrit determination of the percentage 
by volume of red cells in the oxalated blood. As soon as this had 
been done a measured amount of the oxalated blood was taken up 
in a pipette and transferred to a centrifugal tube containing about 
lOccm. of a oQ per cent. solution of sodium chloride. After 


EOS caf. fos 2 


| A. Миті, Sull intossicasione da chinino, Il Policlinico, 1895, Sezione Medica. 
Vol. 2, p. 340, tested the action of quinine in varying dilutions on the red blood cells of a 
patient suffering fiom haemoglobinuric fever following quinine, and on healthy red blood 
cells during similar conditions, but no difference was observable in the two cases, No 
details are given (p. 349). 
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completely precipitating the red cells by centrifugalisation, the super 
natant liquid was removed by means of a glass tube provided with a 
rubber teat and drawn out to a capillary end. То the red cells 
00 per cent. sodium chloride solution was added in such amount as 
to produce a 2'5 per cent. emulsion of the red cells. A sample of 
this emulsion was then diluted with nineteen parts of distilled water 
and a haemoglobinometer reading made. A series of test tubes was 
next prepared to which the respective quantities of o'g per cent. 
sodium chloride solution and of 1°92 per cent. quinine bihydrochloride 
solution given in Table 24 were added. The requisite amounts of 
the 2°5 per cent. emulsion of red cells were added, and the tubes 
placed in an incubator kept at 37° C., being subsequently stirred up 
with a glass rod every fifteen minutes until the conclusion of the 
experiment at the end of three hours. 

In those experiments in which complete haemolysis did not occur 
the degree of haemolysis was indicated by the expressions ‘ partial,’ 
' slight, ‘ trace. 

In carrying out these experiments it must be borne in mind that 
the emulsion should contain a definite weight of red blood cells. It 
cannot be made up with a definite weight of blood, for such a 
procedure would give no clue as to its real composition in respect of 
red cells, since it has been found that in health slight, and in black- 
water fever and malaria considerable, variations in the relation which 
the volume of red cells bears to that of the plasma may occur. Nor 
is it of any practical utility for our purpose to determine the number 
of red cells per cubic millimetre of blood, since this also gives no 
measure of their percentage by weight. Nor again is it of advantage 
to know the red cell index unless the percentage by volume is also 
known, and when the latter has been determined the former is not 
required. On the other hand, in order that the conditions of experi- 

.ment may be more fully defined, it is desirable that the determination 
of the concentration of red cells by weight in the emulsion employed 
should be supplemented by a determination of the percentage of 
haemoglobin given by the reading of a haemoglobinometer stan- 
dardised as already described. When the two determinations are 
nearly the same, no difficulty is experienced in comparing the haemo- 
lysis produced by quinine with that obtaining iu health. When, 
however, a marked variation occurs, as in Experiments 10, 14a and 


TABLE 


No. of Observation 


N 


24. The haemolytic action of quinine bihydrochloride upon red blood cells during and after blackwater fever and malaria, 


Case of Blackwater Fever 


Condition present 


|р uring haemoglobinuria 


Duration of experiment three hours. 


| COMPOSITION OF MIXTURE OF 


5) 
! 
y | At end of attack of naemoglobinuria 
T A week after the disappearance of blackwater 
4 | Two days after relapse of haemoglobinuria 
5 | At end of attack of haemoglobinuria 
7 | During blackwater 
72 | During haemoglobinuria 
8 | During haemoglobinuria 
» | At end of attack of haemoglobinuria : 
9 | Four days after attack of EDO had ce ased| 
то | During haemoglobinuria one 
» During relapse of haemoglobinuria ... : 
11 Towards close of attack of haemoglobinuria te 
» | Three days after attack of haemoglobinuria (during 
partial suppression) 
14 | ‘Ten hours after end of attack а Баео 
144 | Towards close of attack of le a 
15 | During haemoglobinuria 


At end of attack of haemoglobinuria 


Malarial attack, temperature normal, 
numerous EEG T" 
| Malarial attack, temperature 103 {twenty-four 


hours later parasites few) 


parasites | 


(p. Ts). 
оо GT 
Haemo- | 1:92 % О.» HCI | 
globin in | 2-5 9$ emulsion 
wet red of wet red cells| 
cells : Concentration of 
volume Queste 
| ofsame. | Weight of wet 
red cells 
Weight of 
Oa HCI 
| == 
og! 
onl 
1-11 
orgs 
tog 
| 1-18 
ne 
1°36 | 
1°61 
118 
ans 
| 
| 
| 124 | 
1-1 


l'oo 
O'OS 


0:20 


o'o8o 


Complete 


Complete ' 


Complete 


Complete 


| Complete 


Complete 


Complete 


Complete 


Experiments conducted at 37^ C. 


1:20 1° SO e 
Oros о'05 оо 
0'25 0:325 O*40 
0:065 ©0535 O'O45 
6-5 8:5 го" 
I 1 RC 
Complete Complete! C omplete 
|(їп 23 hrs.) 
Complete Complete | C omplete 
Complete Complete | Trace 
Partial Almost | 
complete 
Complete — 
- Complete 
(in IË hrs.) 
Complete | Complete Marked 
Complete | Complete | Complete 
Complete, Complete Complete | 
Complete Complete Complete 
Complete Complete Complete 
Complete Complete Marked 
Complete Complete Complete 
Complete Complete Complete 
Complete Complete Complete 


Complete 


Complete 


Complete 
Complete 


Complete 


Complete | 


Complete 
i 


Slight 


Rep CELLS AND QUININE 


SOLUTION 
| Š 
2:330 | 2-80 
оо оо 
0525 0°65 
038 07029 
I 16:9 
f 1 
| RM 
Almost | ‘Trace 
complete 
Nil | Nil 
Trace - 
Partial — 
Partial | — 
| 
Trace Trace 
Almost light 
complete 
Slight Trace 
Trace 
Trace Nil 
Trace = 
‘Trace 
Trace Nil 
‘Trace Nil 
Trace Nil 
Partial Trace 
Trace Nil 


as іп Table 3 


0:024 9% 


18-2 
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19, Table 24, m which the ratio of the two determinations is 
respectively 1°36: 1, 1°37 : 1 and 124 : 1, then a close comparison 
becomes difficult, since it is no longer possible to state the ratio of 


Tase r. Haemolysis of red blood cells by quinine bihydrochloride, dissolved in o'g 
per cent, NaCl solution. Duration of experiment three hours. ‘Tempera Lune CE 


COMPOSITION of Mixturt оғ Rep BLOOD CELLS AND QUININE SOLUTION, 


N El 


Experi- 1 1 1 о o [^] 18 9 
ment | Quinine bihydrochloride o-080% | 0065 °% 0'054 5 O e 

Weight of wet red blood cells $2 65 36:5 10'4 137 

| Weight of quinine salt 1 1 П 1 l 

I Complete | Complete ` Complete Complete Partial 

2 Complete | Complete | Complete | Complete Marked 

3 Complete | Complete | Complete | Complete Partial 

+ Complete Complete | Complete Complete Partial 

5 Complete Complete | Complete Complete Partial 


the red cells to quinine so precisely as conld be desired. It is 
therefore evident that an extremely close comparison of the action 
of quinine on red cells in health and in blackwater fever cannot be 
made. The series of increments adopted in Tables r and 24 appear 
to be the sinallest which can conveniently be chosen. Blackwater 
fever patients are frequently anaemic, and it will be noticed that the 
haemoglobin of the red cells was generally altered in the direction of 
an increase in the amount per unit volume of red cells. In 
Experiment 4, Table 24, although the direct haemoglobinometer 
reading of the blood was 24, the normal reading being 100, this ratio 
was scarcely affected, being 0'95. 

In: Table 24 the result of eighteen observations of the liaemolysis 
of red cells by quinine in blackwater fever , and two observations in 
malaria, 1s given. For the sake of easy reference, Table 1 is repeated. 
In the latter Table the transition point is well de fined, and is seen to 
be reached with a concentration of 0'045 per cent. of quinine bihydro 
chloride and a ratio of red cells (by w eight) to quinine bihydrochloride 
of 10'4 : 1. In Table 24 the same result is obtained in nearly every 
case, E. exceptions being Experiments 3, о TO And 20 Mm All of 
which haemolysis proceeded at a slightly slower rate than usual. 
Since occasional variations are also met with under normal conditions, 
(® Majes 2 0 7, 6, 11), it follows that @ithin the limits of 
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accuracy of the method employed no decided change in the 
susceptibility of the red cells to the action of quinine is recognisable. 

The same conclusion also holds if the conditions present are 
examined individually. During the period of haemoglobinuria eight 
cases were examined (1, 6, 7, 8, ir, 12, 13, 17); m five 
of these haemolysis was complete in three hours, the concentration of 
quinine bihydrochloride being 0'045 per cent; in two (7, 12) 
haemolysis proceeded somewhat more slowly; and in one (6) the 
number of observations was small, but the rate of haemolysis was 
probably the same as that of the first five. Of the nine cases of 
blackwater fever examined when haemoglobinuria had ceased (2, 3, 4, 
5, 9, 10, 14, 15, 18) six followed the normal course, in two (3, 4) 
haemolysis proceeded somewhat more slowly than usual, and the 
remaining one appeared to have followed the usual course, though the 
number of observations is incomplete. 

Two observations were made during a malarial attack (19, 20), 
one during the apyrexial interval and one during the attack, when 
the patient's temperature was 103°F. In both of these the 
haemolysis proceeded at a slightly slower rate than usual, being 
completed in three hours with a concentration of quinine bihydro 
chloride of 0'0535 per cent, instead of the more usual concentration 
of 0'045 per cent. It cannot, however, be inferred from these two 
observations that a slight diminution in the rate of haemolysis is a 
constant occurrence, since a similar range of variation may be met 
with under normal conditions, as already mentioned. 

Most of the thirteen attacks of blackwater fever referred to in 
Table 24 occurred in individuals who were regarded as also affected 
with malaria, since in all more or less typical malarial attacks preceded 
the paroxysm of blackwater fever, as a study of the clinical histories 


given on pp. 176 to 246 will show. Such evidence is, with one 
exception however, clinical only. In all cases quinine had been 
administered, and examination of blood films made at the time of 
blackwater failed to reveal the presence of malarial parasites in any 
case. The absence during blackwater fever of any obvious alteration 
in the vulnerabihty of the red blood cells towards quinine lends, 
however, further support to the view that no marked change in this 
respect 1s to be anticipated in malaria. 
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The circumstance, brought out quite conclusively in Table 24, 
that no considerable change in the red blood cells as regards the 
action of quinine occurs during blackwater fever, is a point of 
considerable importance, for a moment's consideration will show that, 
since healthy red cells are not haemolysed by even the greatest 
concentrations of quinine which may conceivably be reached in the 
blood when quinine is taken in the doses ordinarily administered in 
inalaria, namely, one-third of a gramme to one gramme (five to fifteen 
and a half grains), therefore, unless the sensibility of the red cells 
is enormously increased in blackwater fever, no haemolysis due to the 
action of quinine on red cells contained in the circulating blood cau 
possibly take place. The circumstance that, in point of fact, no 
marked change does occur, is therefore conclusive evidence against 
the action of quinine in blackwater fever being in any way related 
to a greater vulnerability of the red blood cells taken as a whole. 
The observations given in Table 24 do not afford any information as 
to whether any very small fraction of the red blood cells—such as 
would, owing to its relative insignificance, fail to be recognised by 
the method employed- тау not be unduly sensitive to the action of 
quinine. In the next sub-section, an observation on the action of 
quinine on red blood cells containing malarial parasites is recorded, 
but the further consideration of this problem, which depends for its 
solution partly upon a knowledge of the actual amounts of red blood 
cells destroyed during attacks of blackwater fever, will be more 
conveniently deferred for the present, and dealt with again in 
Section § (pp. 136 to 165). 


(c) The action of quinine on red blood cells affected with 
malarial parasites. 


In any attempt to elucidate the mechanism of blackwater fever, 
it is a matter of the first importance to ascertain whether red blood 
cells affected with malarial parasites are more readily haemolysed by 
quinine than are healthy red cells. In order to study this point, it is 
necessary to obtain blood which is relatively rich in intracorpuscular 
parasites. Nearly all the cases of malaria which came under our 
notice, however, had already been treated with quinine, and parasites 
were found in the blood films examined in very scanty numbers or 
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could not be detected after prolonged search. Such cases were, 
therefore, of no value in settling the enquiry in question. Only 
single case occurred in which we were able to test the action | 
quinine on red cells containing malarial parasites. In this case, í 
which Observations 19 and 20, Table 24, were made, a count of th 
red cells showed that about 3 per cent. contained parasites. 


Method, The action of quinine was studied ın the manne 
employed in the observations recorded in Table 1. Blood obtaine 
by pricking the finger was allowed to fall drop by drop into a glas 
capsule containing 0'15 c.cm. of a т per cent. solution of potassiun 
oxalate until about r c.cm. had been collected, blood smears being mad 
at the same time. The total volume of the oxalated blood was then 
measured, and a haemocrit estimation made. The red cells wer 
separated by centrifugalisation, washed and then added to оо ре 
cent. solution of sodium chloride im amount required to produce 
2'5 per cent. emulsion. This was mixed with 1'92 per cent solution 
of quinine bihydrochloride and o'o per cent. solution of sodium 
chloride in the amounts given in Table 24. The mixtures, after 
stirring with a capillary glass rod, were kept in a water bath at 37° C. 
for three hours, when smears were made from the red cells contained 
in the last two tubes. The supernatant liquid after centrifugalisation 
was found to be colourless in the one tube, and to be of an 
exceedingly slight reddish tint in the other. 


The result was indecisive. At the close of the experiment the 
number of parasites contained in red blood cells was diminished, and 
those present did not stain well. In addition a few free parasite: 
were seen. It would thus appear that the action of the quinine salt 
was directed towards the parasites, the staining reaction of which was 
in consequence altered, while many disappeared or became unrecog 
msable. Some of the red blood cells which contained parasites 
appeared, therefore, to have been completely destroyed by the action 
of the quinine salt, for no red blood cells could be seen, which 
exhibited a partial defect of substance. All the red blood cells 
showed, however, slightly defective staining reaction, attributable to 
the action of quinine. 


Unfortunately, we were able to make only a single experiment. 
The problem at issue cannot be settled until a number of such 


S 


observations have been made. In the meantime, we have thought 
it worth while to refer to the linc of experiment followed. 


(d) The action of urine on red blood cells aud on diss lit 


hatnn globin. 


In studying the mechanism of blackwater fever, it is essential to 
ascertain how far the condition of the urine when voided represents 
its original condition when issuing From the collecting tubules of the 
kidney, and how far it has been changed while retained in the bladder. 
This enquiry resolves itself into a two-fold one: into the action of 
urine upon haemoglobin contained in the red blood cells; and into 
the action of urine upon laked haemoglobin. 

When a solution of haemoglobin is added to urine in amount 
sufficient to produce a light red coloration, it is found that the red 
tint soon becomes fainter, the urine turning brown in colour, and that 
ultimately the whole of the haemoglobin is broken up, a brown soluble 
pigment remaining, which gives no absorption bands on spectroscopic 
examination. Sometimes a variable amount of a brown precipitate 
appears at the end of twenty-four to forty-eight hours, and the urine 
may then become less brown in colour. 

If an emulsion of red blood cells in o:o per cent. solution of sodium 
chloride is added to urine, it is seen that the latter, when the changes 
in the red cells described below, become advanced, gradually turns 
brown in colour, but no reddish tint is noticeable. Urine does not 
produce visible laking of red blood cells unless its specific gravity is 
less than 1009. Urine of specific gravity 1002 lakes red blood cells 
as rapidly as distilled water. Red blood cells in urine whose specific 
gravity exceeds гооо become, on standing, poorer in haemoglobin 
and assume a darker somewhat brownish aspect, but are ultimaicly 
decolourised and form a brownish-white precipitate at the. bottom of 
the tube in which the urine is contained. If such urine at any time 
after adding the red blood cells is centrifugalised and the supernatant 
fluid examined spectroscopically, it is found that no oxyhaemoglobin 
bands are at first seen, the red blood cells becoming decolourised 
without any laking of their haemoglobin. When, however, the red 
blood cells have lost 75 per cent. or more of their haemoglobin, oxy- 
haemoglobin bands make their appearance in the urine, which is now 


N 
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brownish in colour (cp. Table 23). Just as oceurs when dissolved 
haemoglobin is added to urine, a precipitate brown in colour та) 
make its appearance at the end of twenty-four hours in the mixture 
of urine and red cells. It is thus seen that in the red cell th 
haemoglobin is broken up, by urine of specific gravity exceedin; 
1'009, in sitû, and does uot leave the cell until it has become 
completely converted into brown pigment. 

In order that some idea may be obtained of the degree to whict 
haemoglobin is likely to be broken up in the urine in cases of black 
water fever, and, further, in order to determine to what extent small 
quantities of haemoglobin passing into the urine at the time of its 
secretion by the kidneys may be recognisable in the urine when 
voided, the experiments given in Table 25 were carried out. These 
fall into two series, conducted simultaneously with the same urini 
and with haemoglobin derived from a single source. 

Method. In the first series of experiments human blood cells 
were addcd to the urine in such amounts that an emulsion containing 
from 5 per cent. to 0°33 per cent. of red blood cells was obtained. At 
the end of four hours at a temperature of 37? C., during which period 
the red blood cells were distributed in the urine by stirring with a 
glass rod every fifteen minutes, the mixture was centrifugalised, the 
supernatant fluid poured off and examined spectroscopically, while the 
red cells were mixed with a measured quantity of distilled water and, 
after laking, the amount of haemoglobin still remaining determined 
by the haemoglobinometer. ln the second series the same amounts 
of haemoglobin were used as in the first, but the haemoglobin instead 
of being contained in red cells was in solution. In this second series, 
owing to the formation, especially in the weaker dilutions, of the 
brownish pigment already referred to, aecurate haemoglobinometer 
readings of the amounts of haemoglobin in the urine could not be 
made, and instead the oxyhaemoglobin bands present were matched 
by the aid of a comparison spectroscope with those of a haemoglobin 
solution of known eoncentration, and in this way the concentration of 
haemoglobin in the nrine was determined. 

On comparing the two series, it is seen that the degree of 
destruction of haemoglobin proceeds in both very nearly at the same 
rate, being somewhat more rapid when the haemoglobin is in solution 
than when it is contained in the red blood cells, but the difference is 
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not great. As might be expected, the destruction is relativel 


smallest when the concentration of the red blood cells, or of the laked 
haemoglobin, is greatest, and when the concentration of haemoglobi 
is very low the destruction may be very nearly complete within t] 

period of experiment. The actual figures given will enable son 

idea to be formed of the degree to which in blackwater fever th 
amount of haemoglobin present at the end of four hours represent 
the amount originally present in the urine when first excreted. Thu 
when the urine originally contained 5 per cent. of red blood cells, tl 

percentage at the end of four hours was only 2'7 per cent. to 3:25 р 

cent., 35 per cent. to 47 per cent. of the haemoglobin being destroyed. 
When, however, the urine originally contained 0'33 per cent. of 
haemoglobin, about 90 per cent. was destroyed, the percentage being 
reduced to 0'03, a quantity which is not easily recognised or estimated. 
[he percentages in the Table were for the most part ascertained by 
means of haemoglobinometer readings. The original concentration 
were made up by means of the haemocrit, and one of these, as 

control, was measured by the haemoglobinometer, the reading 
obtained being a little higher (0'5 per cent.) than the amount given 


by the haemocrit. 


When the percentage of haemoglobin, whether in the form of red 
blood cells or of dissolved haemoglobin, was less than o'or per cent. 
in the urine, at the end of four hours it became difficult or impossible 
to recognise oxyhaemoglobin bands. In these cases the urine, which, 
as already mentioned, had acquired a brownish tint, gave, on slightly 
acidifying and heating, a brownish white precipitate of coagulable 
protein, this forming in many cases the only indication of the original 
addition of haemoglobin. 


Owing to the circumstance that urine is not a fluid of constant 
composition, it is not possible to calculate, from the amount present 
at the end of four hours, how much was originally present. In each 
individual case a special estimation is required. Only an approximate 
idea of the limits of the range of destruction in different concentra- 
tions is afforded by Table 25, which, however, shows that with a high 
specific gravity of the urine the rate at which destruction proceeds is 
increased. Destruction of haemoglobin was usually attended with 
the production of methaemoglobin, which was, however, present only 


S» 
in relatively very small amonnt. This occurred both within the red 
cells, and when dissolved haemoglobin was used. 


With a view of throwing light upon the nature of the process of 
destruction of haemoglobin by urine, the rate at which destruction 
proceeded was investigated in the case of red cells (Table 20). The 
determination of the rate of destruction, in urine, of dissolved haemo 
globin was not attempted owing to the difficulty of obtaining, 
especially with the higher degrees of destruction, sufficiently readily 
and accurately estimations of haemoglobin in the presence of the 
colouring matter of urine. — 


Method. The mode of conducting these experiments was similar 
to that adopted in the case of quinine (Tables 17, 18 and 19). Four 
experiments were carried out with different specimens of healthy 
urine obtained from the same individual, about three hundred cubic 
centimetres being taken for each experiment. To this, healthy 
human red blood cells were added to the extent of 0488 per cent, 
0'484. per cent, 0'448 per cent. and 0'488 per cent. in Experiments 
I to 4 respectively. The mixture of urine and red blood cells was 
then divided into three equal parts, which were placed in water baths 
kept at temperatures of 37? С., 31? C. and 25°C. respectively, and 
were shaken every fifteen minutes so as to secure uniform distribution 
of the red blood cells. ¿Nt intervals of half to one hour samples of 
the mixture (usually 10 ccm.) were withdrawn and centrifugalised. 
The supernatant liquid was examined for oxyhaemoglobin and 
methaemoglobin bands; the red cells were laked with distilled water, 
the volume of the solution being made up to that of the sample and 
the percentage of haemoglobin determined with the haemoglobino- 
meter or, if considerable destruction of haemoglobin and production 
of brown colouring matter had occurred, matched with a haemoglobin 
solution of known concentration, by the aid of a comparison spectro- 
scope, as already described. 


The urine employed in these four experiments varied in respect 


of specific gravity and reaction (cp. Table 27). The former ranged 
from 1026 to ror5, while the reaction was acid in Experiment 1, 
slightly acid in. Experiments 2 and 3, and slightly alkaline in the 
fourth experiment. The urine was perfectly clear and free from 
precipitate. | 
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The destruction of haemoglobin proceeded rapidly at 37°C. 
usually half to three-quarters disappearing in thc course of two hours. 
At 31? C. one-fifth to two-fifths of the haemoglobin was destroyed 
in the same period of time, and at 25? C. less than one-tenth. When 
a comparison of these amounts with the specific gravity and reaction 
of the urinc is made (Table 25), it is seen that with the higher specific 
gravity (17026) obtaining in Experiment 1 the rate of destruction was 
most rapid, with the lower specific gravity of Experiments 2 and 3 
(ro20 and 1022) was less rapid, while in Experiment 4 in which 
the urine had a specific gravity of 1'015, haemoglobin was destroyed 
with considerable slowness. In the last case another factor was 
perhaps operating to retard the action of the urine upon haemoglobin, 
namely, its alkaline reaction; for alkaline urine was found to be slow 
in its action upon red cells, even when its specific gravity exceeded 
1'020. The variations met with in different experiments seem, 
however, to be in part attributable to the diurnal variations in the 
red blood cells already encountered in experiments made with quinine 
(Tables 16 and 17). The breaking up of haemoglobin in the urine is 
not duc !o the presence in the latter of a thermolabile ferment, for 
previous boiling does not alter the rate at which destruction proceeds. 

In red cells, whose haemoglobin has been largely destroyed, 
methaemoglobin is found, on laking, to be present. The amount of 
this substance is very small relatively to the unaltered haemoglobin, 
until the destruction. exceeds 85 per cent, when its presence is 
generally readily recognisable, though it is still found in much smaller 
amount than oxyhaemoglobin. 

It will be seen from Table 26 that haemoglobin did not find its 
way into the urine until the destruction of haemoglobin within the 
red cells had reached or exceeded 75 per cent. At about this point 
haemoglobin began to escape, and when the percentage of destruction 
exceeded 9o per cent, the percentage of haemoglobin in the urine 
was sometimes 5 per cent. of the amount originally present im thc 
red blood cells, in one case reaching as much as 10 per cent. Thus, 
although haemolysis did not occur in amount sufficient to produce 
after centrifugalisation a red coloration of the urine, nevertheless 
as destruction of haemoglobin approached completion a slight degree 
of haemolysis took place, causing oXyhaemoglobin bands to make 
their appearance. ~i 


~ 
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In determining the reaction rate it will be seen that at the highest 
temperature employed (379 C.) the number of observations obtain 
able in Experiments 1 and 3, Table 26, was limited, owing partly t 
the rapidity of destruction of haemoglobin and partly to the escape 
of haemoglobin from the red celis into the urine surrounding them 
in consequence of which the readings given by the laked cells becom« 
too low, and cease to represent the actual destruction. In Experiment 
I to 3, determinations of the monomolecular reaction rate constan 
show little variation so long as the amount of destruction ol 
haemoglobin hes between 20 per cent. and 80 per cent. Below thi 
lower limit destruction proceeds more slowly, while above the uppe: 
limit it proceeds more rapidly. The same variation, in greatci 
degree, has already been seen when quinine produces haemolysis 11 
red blood cells (Tables 13 to 16), «And as in the latter case, so here 
if the reaction rate constant for bimolecular or multimoleculai 
reactions 15 calculated from the data given, a greater range of vari: 
tion 15 met with, so that these types of reaction are excluded from 
consideration. In Experiment 4, in which the reaction proceeded 
very slowly, the reaction rate constant exhibited little variation whe: 
the destruction exceeded 7 per cent. (93 per cent. being left un 
altered), Le. after the lapse of about two hours. If the percentages ol 
haemoglobin are recalculated from thc reaction rate constant 
(Columns 4, 8 and 12, Table 24), a fair agreement with the per 
centages actually found will be observed. It follows therefore that 
in the heterogeneous system formed by red blood cells suspended 
in urine, destruction of haemoglobin proceeds at the same rate as a 
monomolecular reaction, except at the beginning and end of the 
process, when slight delay and acceleration respectively occur. 

The values of K, the monomolecular reaction rate constant, 
obtained with the different specimens of urine employed, rang: 
from 0'0003 to 0005 at 37? C, from o'0002 to o'002 at 31? C, 
and from 0'0008 to o'ooOI at 25? C. The values obtained in urinc 
of specific gravity 1'015, whose reaction to litmus paper was alkaline, 
are, it will be noted, much lower than those obtained in acid urine 
of higher specific gravity. 

In Table 27 the value of the constant и was determined for each 
of the four specimens of urine employed. The values obtained, 


59 
ranging from 13,000 lo 30,000, increased as the specific gravity 
nicreased and the reaction changed from alkaline to acid (to litmus 
paper). Im the last column the values of K are recalculated from the 
value of u obtained and from the mean value ok Kar ЭО С а Bur 


agreement 15 observable between the values found and calculated. 


Tare 27. Determination of value of fe from expe riments recorded in Table 26. 
Value of р 
Value of K calculated from 
Temperature) determined formula | Value of K 
No. of of | bv La. Condition of пеше calculated 
Esperiment | experiment | experiment as `) from JL 
Fable 26. LS = 2 TH Hh 
Ky 
' Ge 51 2 Neida sp. gr- 1026 ос 
" ar C. 17 17 
spe (En o8 6 
— — к — 
2 Ge (Qu 1 РКІ Slightly с1а; sp. gr. | 24 
102c 
е i 11 
25 € 38 37 
i VN 1 19.4" Slightly acid; sp. gr | 34 
i'o22 
Я 1 Ç 21 21 
25 С 79 S$ 
i з 32 13,6 | Alkaline sp. gi ° б 
гоз 
ETE nag ee 17 
"m 25 C. ‘OOO 13 "0 92 


In Table 26 it will be noticed that the percentages of haemoglobin, 
remaining undestroyed, have been recalculated in columns s, o and 
13, from the corresponding values of и, taken from the last column 
of Table 27. The difference between the observed and calculated 
percentages is seen to be inconsiderable, except when destruction of 
haemoglobin exceeds 80 per cent. ; in the latter case the percentages 
cannot be estimated with much precision owing to the escape of 
haemoglobin from the red cells. Table 28 is introduced in order to 
permit a more ready comparison of the values of K, found and 
calculated, at individual temperatures. The values of и, obtained in 
Table 27, enable the lowering of the rate of destruction of haemo- 
globin, caused by variation of temperature, to be calculated. Thus 
a reduction of the destruction rate to 47,4 takes place if the tempera- 
4 


де is lowered rom 579 C. to 31° C. when и 40,000 and шр t 
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when и = 13,000; in the former case a reduction of the temperatu 
of 37° C. by one degree leads to a reduction of the rate of destructi 
[rom 1 to 0855, and in the latter case from t to 0'925. The sam 
relationship may be stated in another way: the rate of destructic: 
of haemoglobin at 379 C. becomes reduced to one half when th 
temperature 15 lowered 5? C. if д = 30,000, and when the teniper 
ture is lowered 99 C. if и 13,000. These values are nearly 
same as those obtaining in the actual experiments. 


Tarte 28. Comparison of values of K at different temperatures. Cp. Table 27. 
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It is thus seen that in the presence of urine the rate of destruction 
of haemoglobin contained in red blood cells resembles that of a 
monomolecular process, and is in this respect similar to the rate oí 
haemolysis of red blood cells in the presence of quinine in the 
alkaloidal state (Tables 13 to 19). The two processes are, however 
of a different character, the former being apparently a direct action 
upon haemoglobin, while the latter seems to be the result of an action 
directed primarily to the stromata of the red blood cells. 


SUMMARY 


The principal points in the above investigation may be 
summarised as follows:— 


I. Quinine bihydrochloride and quinine in the alkaloidal state 
produce haemolysis of red blood cells, as do also hydrochloric acid 
and sodium hydrate. 


2. The action of quinine in the alkaloidal state in producing 
haemolysis resembles a catalytic action. 


DI 


3. Haemoglobin breaks up at a monomolecular rate under the 


action of quinine in the alkaloidal state. 


4. The above-mentioned four haemolytic agents possess, in 
equimolecular concentration, nearly the same haemolytic power, 
quinine in the alkaloidal state being weaker, and quinine bihydro- 
chloride stronger than hydrochloric acid and sodium hydrate, which 


occupy an intermediate position. 


5. Owing to the toxicity of quinine its concentration in the blood 
cannot reach an amount sufhcient to allow of its direct haemolytic 
action on red cells taking place during life. 


6. The red blood cells during blackwater fever are not 
haemolysed by quinine bihydrochloride more readily than in health. 
7. In the presence of urine haemoglobin, whether contained in 
red blood cells or in solution, is broken up. In the former case this 
proceeds at a monomolecular rate, no haemoglobin being discharged 


from the red cells into the urine, until destruction is nearly complete. 


8. The constant, и, for the haemolysis of red blood cells was 
found to have a mean value of 15,000 for a 0001 13 M solution of 
alkaloidal quinine. The value of 4 for the destruction of haemo 
globin in the presence of urine ranged, in the experiments made, 
from 13,000 to 30,000. The values of K,,. ranged in the former 
cases [rom 00026 to 0°0087, and in the latter case from 0'0026 to 
00039. 


П. THE RELATION OF HAEMOLYSINAEMIA TO THE 
HAEMOGLOBINURIA OF BLACKWATER FEVER. 


In no single instance, up to the present time, has the mechanism 
of production of haemoglobinuria іп blackwater fever be 
established, though assertions respecting its mode of production 
constantly to be met with in text-books and in clinical articl 
The only form of haemoglobinuria, of which the mechanism is 
part known, is paroxysmal haemoglobinuria, and before proccedi 
further it will be of advantage briefly to recapitulate the facts whi 
have recently been established in connection with the mechanism 
of production of this condition. In 1904 Donath and Landstein: 
showed that, in the intervals between the attacks of haemoglobinuri 
if the blood rendered fluid by potassium oxalate, or a mixture of th 
patient's serum and the patient's washed red blood cells, was cooled 
and then warmed to body temperature, a marked haemolysis occurret 
which was not observed if the blood was kept at body temperatur 
without previous cooling. The red blood cells of the patient wei 
found to be normal, and might be replaced by foreign human ri 
cells ; only the serum or plasma is changed, and the haemolysin cou 
be extracted in the cold from the serum by red blood cells, which 
became dissolved when the serum of the patient or normal human 
serum was added, the reaction being completed by the addition 
complement. The minimum time of cooling required in ice cold 
water was five to ten minutes (in one case two minutes). Cooling t 
10°C. for half an hour was followed by partial haemolysis. — This 
condition was not met with in health, nor in patients suffering from 
any disease other than paroxysmal haemoglobinuria, with th 
exception of general paralysis, in which affection it was found tha! 
in six out of sixty-six cases the same reaction was obtained. 

Donath’s and Landsteiner's results were confirmed and thei 
conclusions disputed by Widal and Rostaine,t who have arrived at 


somewhat different interpretation of the reaction in question. Thes 


,, * Uber paroxysmale Hamoglobinurie. Münch, med. Wochenschr., 1904, No. 30. 
Ube: paroxysmale Hamoglobinurie, Zeitschr. f. klin, Medizin, 1906, Bd. 58, S. 173. 


t Insuffisance de l'antisensibilisatrice dans le sang des haemoglobinuiiques. Compte 
rendus de la Société de Biologie, 1905, T. г, p. 321; Insuffisance de l'antisensibilisatiic 
dans le sang d'un haemoglobinuiique. ibid., p. 372; Sérothérapie préventive de l'attaque d 
l'hénoglobinuria paroxystique, ibid., p. 397. 
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authors point out that Bordet had demonstrated the existence of 
‘substance antisensibilisatrice ' (anti-immune body) for red blood cells, 
and Metchnikoff for spermatoxinc, while Besredka has shown that 
red blood cells remain preserved in their own serum in consequence 
of the inhibitory action of the substance ‘antisensibilisatrice’ upon 
the 'sensibilisatrice ' usually present. The authors have come to the 
concluson that the haemolysis in vitro obtained by Donath and 
Landsteiner is due to the insufficiency of the substance 'antisensi 
bilisatrice/ They appear to base their conclusion upon the effect of 
an 'antisensibilisatrice' serum, which they prepared, one drop of 
which inactivated ten drops of the plasma of a patient suffering from 
paroxysmal haemoglobinuria, to which three drops of human ved 
cells were added. The antiserum was prepared by injecting, three 
or four times, massive doses of the serum of a haemoglobinuric 
patient into animals. The authors used this serum with complete 
success to arrest haemoglobinuria when cold was applied to the 
patient's hands, but with only partial success when the test was 
made in vitro. 

In view of the above facts, we decided to ascertain if the blood 
plasma in blackwater fever possessed a similar haemolytic property. 

Method. Our own experiments were conducted as follows :— 
The patient's finger, having been cleansed, was pricked and about 
ten drops (0'5 c.cm.) of blood were allowed to flow into a small 
collecting tube containing 1 c.cm. of a 1 per cent. solution of potassium 
oxalate. The oxalated blood was then transferred by means of a 
fine pointed pipette to a small centrifugal tube. After centrifugalisa- 
tion the plasma was pipetted off and put into another tube. The 
red cells were then made up into a 2'5 per cent. emulsion in 0-9 per 
cent. sodium chloride solution, and of this one part was added to 
nineteen parts of the oxalated plasma, so that the ratio of the weights 
of the wet red cells and plasma respectively would be one to seven 
hundred and fifty. In some of the experiments, as Tables 29 and 30 
show, human red cells not taken from the patient were employed. 
In some of the later experiments also red blood cells were added in 
such an amount as to produce a thin emulsion, without reference to 
the exact proportion of red cells present. The tube containing the 
plasma and red cells was then put into a freezing mixture obtained 
by adding solid ammonium nitrate to water contained in a beaker, 
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which was placed in a second larger beaker, surrounded by cotton 
wool and supported on cork. Between the two beakers an air spa 


existed, as shown in lig. I. A thermometer dipped into th 


g. 
ammonium nitrate mixture was used for stirring up the solid sal 
from time to time as required. In this way the temperature of the 
mixed plasma and red cells was kept at o? C. to 5° C. If desired 

temperature below o? C. could have been maintained. The tim 
elapsing between collecting and centrifugalising the blood was in 
most cases about six minutes ; that between pipetting off the plasm 
and cooling it іп the freezing mixture was generally about twent 
minutes to two hours. While in the freezing mixture the red cell 
were once or twice distributed in the plasma by stirring with 

capillary glass rod. After being kept in the freezing mixture for 
half an hour, the tube containing the plasma and red cells was pu 
for three hours in an incubator kept at 37? C. the red cells bein. 


stirred from time to time with a elass rod as before. 


Thermometer 
Outer 
beaker 
anner 
eaker 
А i Layer о, 
Tubes containing Wa 
plasma ¢ red cel wool 
emulator 


Water and ammonium 
nitrate 


Cork 


Atr space 


УУМ 


C ik el LL he 
0 KTS Ue I ООА Z 


116. т. Apparatus employed for testing haemolytic property of blood 
plasma. 


“TABLE 29. Experiments made to ascertain if а haemolytic action on red blood cells could be obtained with 
the blood plasma of individnals suffering from blackwater fever. 


Ratio of 


No. of oxalated Lhen 
Obser- Case Condition of subject plasma to Mixture For kept at Result 
` / Ë А ^ ` 
yation 25 90 kept at a7 Q 
emulsion for 


of red cells 


1 2 Sixteen hours before attack of black- 20:1 oC.-4 C, зо min. 3 hours No isolysin present 
water in blood plasma 
2 1 'Two hours before attack of blackwater " š Е - M = 
3 » | During attack of blackwater ... f - A - е 5 s: 
fi ; At end of attack of blackwater m = À s: E T 
5 , SRA Bie n 2. А. i : x - 
6 ; ‘Twenty hours before attack of haemo- = | No autolysin present 
globinuria in blood plasma 
; During attack of haemoglobinuria 
5 During attack of haemoglobinuria ... " = à 
9 - \t end of attack of haemoglobinuria... T = : " 2 
10 1 Гһгее days after attack of haemo- 
globinuria 
11 » [wo days after relapse of haemo- ` ғ 
globinuria 
12 5 ‘twelve hours after disappearance of a 
haemoglobinuria 
13 6 \t end of attack of haemoglobinuria : s No isolysin present 
in blood plasma 
14 ба | During attack ot blackwater ... "s : : Noautolysin present 
in blood plasma 
15 7 ' During attack of blackwater ... T А T 
16 74 During attack of haemoglobinuria ... 
17 8 During attack of haemoglobinuria  ... : А А P 
18 9 Four days after attack of haemo- т Complete haeıno- 
globinuria lysis of red cells* 
19 » Two months later — ... m e ; А No autolysin present 
in blood plasma 
20 10 During attack of haemoglobinuria ... S x : ч if od 
21 » During relapse of haemoglobinuria А : š - е 
22 ll During attack of haemoglobinuria ... m : я т 
23 5 At end of attack of haemoglobinuria 
(during suppression) 
24 » Three days later (during suppression) 5 ` X y 
25 12 At end of attack of haemoglobinuria : " Haemolysis of red 
cellst 
26 » i One day later л. oe E Sp z : Noautolysin present 
in blood plasma 
2 14 At end of attack of haemoglobinuria » A n - 
28 I5 During attack of haemoglobinuria " 
29 » During attack of haemoglobinuria - 


(during partial suppression) 
3o 16 \t end of attack of haemoglobinuria 


* No turbidity, smell or other indication of putrefaction, Blood plasma examined ten hours after collection. 
Room temperature 28:5? C. 


T Bacteria present in blood plasma, which was examined twenty-four hours after collection. 
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In Table 29 the result of testing, by the method above described 


the plasma in sixteen attacks of blackwater fever, before, during ai 


shortly after the paroxysm, is given, the examination being usual 
In addition, twent 


made within an hour of the withdrawal of blood. 


eight other observations upon healthy individuals, and also, for tł 


sake of comparison, upon ten cases of malaria, are recorded in Tabl 


30. 


TABLE 30. 


Experiments mac 


e Lo ascertain if a haemolytic action on red blood cells could 


be obtained with the blood plasma of individuals suffering from malarial and other 
affections. Normal plasma is also employed in eleven observations. 


No. of 
Obser- 


vation 


Сума Ro qs 


o 


OM N o 


ю 
ON Dun + ш) 


N 


Then ke 
at 37° 
for 


3 hrs. 


pl 
С; 


Result 


No autolysin pre 
in blood plasn 


No ‘isolysin pr 
in blood pl: 


`; p 


No autolysin pre: 
in blood pla 

No isolysin pres 
in blood pl 


„ 


No autolysin present 
in blood plasm: 
No isolysin рге 
in blood plasn 
Slight haemolysi 
red cells * 
No isolysin present 
in blood plasma 


Ratio 
of oxa- 
luted 
Condition of subject plasma Mixture For 
to 2:5 9$ keptat 
'mulsion 
of red 
cells 
Mealthy > 1 | 0°C.-4°C jo min. 
4 days later ; 
е Io days later 
Healthy ... 580 
x 2 days later 
T 5 days later р 
Healthy 
Healthy ... 
Healthy (Native 
Healthy та 11 
Healthy уз 
Typhoid » 
Pyrexia (Native) ... а 
Pleurisy (Native) 5 
Bullous eruption on thig 
and legs (Native) 
Pneumonia (Native) 
Malaise (Native) ... a 
Malaria n 
Uraemia, T. 106? F. 
Malaria 
GREE ED ae re y ги 
Malaria, Т. 104° Е. 
Malaria (Indian) ... " 8 E: 
Bilious fever m ‚4 
Malaria s А S 
Malaria T Ti 
Malaria - e А 
Malaria aS | ^ P. 
* Partial clotting of blood occurred during collection. 
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It will be seen that in all cases, with one exception, a negative 
result was obtained. In the cases of blackwater fever this negative 
result occurred, not only when the patient's plasma obtained during 
haemoglobinuria (twelve observations: 3, 7, 8, 14, 15, 10, 17, 20, 21, 22, 
28, 29) was used, but also when that obtained both before black water 
appeared (three observations: 1, 2, 6) and (with one exception) 
shortly after haemoglobinuria had disappeared (nine observations: 
4, ор 1009025 13; 2305097, 30), as also (with one exception) some 
time after complete recovery had taken place (six observations: 
5, лї O 19. 24, 20): From these experiments the important 
conclusion follows, that the mechanism of production of blackwater 
stands in an altogether different category from that of paroxysmal 
haemoglobinuria. The presence of haemolysin or of defect of 
antilysin in the plasma, which is present in the latter case, is absent 
in blackwater fever, where, therefore, search must be made for other 
factors. 


Table 30 shows that, as might be expected froin the behaviour 
of the plasma of the blackwater fever patients, who had, in all the 
cases we examined, been the subjects of malaria, usually having had 
frequently repeated attacks, a negative result was also obtained in 
all but one of the cases of malaria dealt with (nine observations, 
ГЭ б, Di 22 ©з, 25, 20, 27, 23). 


In three cases a positive result was obtained. The first occurred 
in a patient suffering from blackwater fever, the plasma being taken 
four days after the cessation of haemoglobinuria (18, Table 29). 
When the plasma mixed with the patient's red cells was placed, after 
cooling for half an hour, in the incubator, slight haemolysis was 
visible at the end of twenty minutes, and complete haemolysis had 
occurred at the end of an hour and a half. When an examination of 
the same patient's plasma was made two months later, when he was 
in good health, though still troubled with occasional malarial attacks, 
a negative result was obtained (19, Table 29). The positive result 
obtained in this case was quite exceptional, and does not affect the 
general conclusion obtained with the rest of the blackwater fever 
cases. The second case (25, Table 29) occurred in another patient 
at the close of haemoglobinuria In this case the examination was 


made twenty-four hours after collection of blood, and bacteria were 


bS 


present, so that no conclusion as to presence or absence of 
haemolysin in the patient's blood can be drawn. It may her 
observed that the growth of bacteria in oxalated plasma is 
necessarily attended with haemolysis of red cells contained in th 
plasma ; in contaminated plasma haemolysis is sometimes observ: 
but is not unfrequently absent. The third case (25, Table 30) оссште 
with a malarial patient's blood. Haemolysis was slight, and пех 
day, on repeating the observation, no haemolysis was obtained. 

The blood plasma of two oxen suffering from Texas fever v 
examined, on the day before death, during the passage of redwater 
No autolysin was present in either case. 

The blood plasma of two dogs suffering from piroplasmosis, bot! 


passing urine free from haemoglobin, was also examined. In eac 


case no autolysin was found. 


SUMMARY 


The haemoglobinuria of blackwater fever is not dependent up 


haemolysinaemia. 


69 


III. THE RELATION OF HAEMOGLOBINAEMIA TO 
HAEMOGLOBINURIA IN BLACKWATER FEVER. 


In the preceding sections it has been shown that the haemo- 
globinuria of blackwater fever cannot be attributed to the direct 
action of quinine on the red cells contained in the blood, nor is it 
associated ordinarily with the possession of a haemolytic power by 
the patient's blood plasma. These two possible factors in the 
mechanism of production of haemoglobinuria having been excluded, 
the way is clear for the consideration of the relationship of haemo- 
globinuria to haemoglobinaemia. Upon this point there is no 
consensus of opinion among writers, nor have different observers 
obtained concordant results respecting the existence of haemoglobin- 
aemia in blackwater fever. Berthier* and Hymans van der Berght 
were unable to observe red tinted serum during blackwater, though 
on  spectroscopical examination oxyhaemoglobin bands were 
obtained; A. Plehnt found dissolved haemoglobin and also bile 
pigment in the blood plasma during blackwater ; Bignami$ found no 
dissolved haemoglobin in the blood plasma during blackwater ; 
Murri,* who is of opinion that haemoglobin cannot pass through the 
kidneys until the renal epithelium has undergone changes, states that 
haemoglobinaemia may persist for hours before haemoglobinuria 
appears. Stephensl states guardedly: ‘Not infrequently the serum 
shows no trace of haemoglobin, although the haemoglobinuria may 
be actually increasing. Haemoglobinaemia does however occur.’ 
No quantitative determination of the amount of haemoglobin in the 
blood plasma in blackwater fever appears to have been made by any 
observer, however, and the views held in this connection appear to 
have been based entirely upon inspection of the serum. The only 


*Quoted by Marchiafava and Bignami, Malarial Haemoglobinuria, Twentieth 
Century Practice of Medicine, London, 1900, Vol. 19, p. 483. 


+ Bydrage tot de kennis der Zwartwaterkorts, Nederl. — Tydschrift voor 
Geneeskunde, 1904. 


4 


+ Atiologie und  Pathologenese des Schwarzwasserfiebers, Virch. Arch., 1903, 
ls dS 5697 


$ Marchiafava and Bignami, loc. cit. 


Quoted by Marchiafava and Bignami, loc. cit. 


jA System of Medicine. Allbutt and Rolleston, Vol. II, Pt. 2, p. 297, 
london, 1907. 
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experimental work dealing with the relationship in question seems to 
be that of Ponfick,* who found that in haemoglobinaemia, haenu 
globinuria occurred only when the amount of haemoglobin set fre 
in the blood exceeded one-sixtieth of the total amount contained 
the red cells. If less were set free, then the activity of the liver « 
sufficient to convert the haemoglobin into the constituents of 
bile, in particular into bile colouring matter, whereby hyperchol 
icterus and dark coloration of the urine were produced. 

The reinvestigation of this subject, which it was decided 
undertake, includes two distinct enquiries: (1) Is haemoglobinaemia 
present in blackwater fever? (2) Is haemoglobinuria readily producibl 
as the result of haemoglobinaemia, and, if so, is there any quantitative 
relationship between the two? 

The first enquiry involved the examination of the blood plasm 
in blackwater fever before, during and shortly after the haem 
globinuria. As control observations the plasma of normal petsoi 
who had never had blackwater fever, was examined, and in order to 
afford further comparison the plasma of individuals suffering from 
malaria and other morbid conditions was studied. 

Method. The mode of examination was as follows :— The fiugei 
having been previously carefully cleansed and dried, was prick: 
with a bayonet pointed needle and blood allowed to fall drop by 
drcp into a collecting vessel containing 0'1 c.cm. of a 1 per cent 
solution of potassium oxalate, about o'5 c.cm. (ten drops) of blood 
being collected. Without any delay the oxalated blood was centri 
fugalised until the red cells were completely precipitated. The 
supernatant plasma was pipetted off and transferred to a small glass 
cylinder 18 тт. high and 4mm. in internal diameter. This was 
then placed under a double spectroscope, a cell, the height of which 
could be varied, filled with a solution of haemoglobin of suitable 
concentration, being placed in the path of the second spectrum, and 
the height of the column of the solution it contained altered until 
the oxyhaemoglobin bands which it produced matched in point ol 
intensity those given by the plasma. The concentration of the 
haemoglobin solution was determined by means of a haemoglobino 
meter reading, the absolute values of tlie scale of the instrument 


*Virch. Arch., 1875, B. 62, S. 273; Berl. kl. Wochenschr., 1883. No. 26, 


_ 
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having been determined in terms of the red cells (in the moist 
condition) of one of us taken as a standard. 

When healthy human blood was collected in the manner above 
described, the plasma was found to be light orange coloured and to 
present no trace of a red tint in a tube of about 5 mm. internal 
diameter. 1 examined by the spectroscope in a column 18 mm. high, 
oxyhaemoglobin bands were always found, not unfregjuently, it 15 true, 
on the threshold of visibility. When matched with a solution of 


haemoglobin, the amount present was represented by percentages of 


‘Taste 31. Examination of oxalated blood plasma, for the presence of dissolved haemo- 
globin, in healthy men. 


Amount Length of 
No. of of blood: Colour of oxalated, column Percentage of 
Obser- Condition of subject amount of | plasma in a layer! examined haemoglobin 
yation supplying plasma potassium 3 mm. thick with in the blood 
oxalate spectroscope plasma 
solution 
= 2828 = РАИ |= = 
I Healthy АДЕ sat Jis n Orange 18 mm. 0125 % 
2 < (twelve days later) Т Orange m 0:13 95 
3 у; (nine months later) 5 Light orange 0'15 % 
a Healthy horn 250 Y Light orange i oto 95 
5 m (one day later) — ... 5 Light orange x CE 
6 » (seven days later) ... Light orange 013 le 
7 Healthy 206 50s э i Light orange aj ото 95 


red cells ranging from 025 per cent. to 0 10 per cent. or less (Table 
31). When the serum is light orange in colour the limit of visibility 
of the oxyhaemoglobin bands, it may be observed, is in a column 
18 mm. high about 002 per cent. in daylight of moderate intensity. 
The haemoglobin present was not due to the red blood cells having 
been incompletely removed by centrifugalisation, for microscopical 
examination, aided by further centrifugalisation, failed to reveal the 
presence of red cells, while in concentrations of Ol per cent. or more, 
due to the presence of red cells, the plasma was obviously turbid to 


the naked eye, and when examined with a hand lens red cells were 
readily seen in fair abundance. On the other hand, it is clear that 
the amount of haemoglobin present is dependent to some extent 
upon the technique, for if two samples of blood are withdrawn from 
the finger in succession, the intensity of the bands in the plasma 
will be found as a rule to exhibit some variation, which is, however, 


313. 
/ = 


relatively shght in amount. The cause of such variation is not c; 
to determine. The amount of squeezing to which the finger ma; 
subjected stands in no definite relation to the intensity of the ba 
present, though mechanical injury to the red cells, as in whip, 
blood, produces some degree of laking ; nor does the length of 

(up to one and a half hours) during which the oxalated blood 
kept before cenfrifugalisation ordinarily affect the strength of 


bands in any definite manner. The only circumstance wh 
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Tante 32. Examination of oxalated blood plasma, for the presence of dissolved hacmi 
globin, in patients not suffering from blackwater fever. 


Amount Length of 
No. of of blood: Colour of oxalated column Percenta 
Obser- Condition present in amount of plasma ina layer — examined — haemogl 
vation subject supplying plasma potassium j mm. thick with in the 
oxalate spectroscope plasm: 
solution 
I Malaria (Indian 4 Light orange 18 mm. Ero, 
z Койо Eo В ^ Light orange 0:13 9 
3 Gummata of liver . x Light orange pu 9, 
1 Herpes Zoster vs А А Light orange соо, 
5 Malaria ise к : А Light orange 0:13 0 
6 Malaria sc 355 S Light orange oto 9. 
5 2 (six days later)... x Light orange orro% 
8 В (seven days later) F Light orange 0:31 9; 
9 Malaria (Indian) ... 2 т Light orange 0:06 9; 
10 Malaria ә i x А Light orange S pins 9 
II Typhoid ar T 3a = Light orange o:16 9 
12 Malaria Pe ЖЕ 9 ^ Light orange о'о2 9. 
13 Malaria ee a LT ` Dark orange 0:09 95 
14 5 (one day later) ... . Dark orange 0:20 % 
15 Diarrhoea... T p Light orangc ©'о$ 9 
16 AUG TKR S M3 a $ Light orange 0:04 % 
17 Dysentery ... = У е Orange 016 % 
18 Dysentery ... ba у T Light orange Ол % 
19 Malaria n ENS e А Light orange $5 O'15 90 
20 Malaria "e а : Orange я o*os % 
21 Malaria ah КА, 2 " Light orange 307 96 
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constantly affected the haemoglobin bands was the occurrence of 
clotting. If a clot formed, the serum expressed always showed 


stronger haemoglobin bands than the plasma, and if a sterile clot was 
allowed to stand for three hours the serum in contact with it usually 
showed in a thickness of 5mm. to 7 mm, a reddish tint just 
recognisable with the naked eye. The haemoglobin bands, moreover, 
are deepest in those portions of the serum, which are last exuded. 
If the clot is broken up with a glass rod the red coloration become: 


deeper. 


Examination of oxalated blood plasma, for the presence of dissolved haemoglobin, in blackwater 
fever patients. 


TABLE 33. 
No. of 
Obser- Condition of subject supplying plasma 
vation 
1 Case 2--Sixteen hours before attack of blackwater 
2 Е Two hours before attack of blackwater 
1 ° During attack of blackwater 
4 2, At end of attack of blackwater... v 
h Case i— Twenty hours before attack of haemo- 
globinuria 
6 x During attack of haemoglobinuria 
7 А During attack of haemoglobinuria 
8 Fr \t end of attack of haemoglobinuria 
9 Twenty-four hours later 
10 Seven days later 
11 Case 4—At end of attack of haemoglobinuria 
12 ` ‘Two days after a relapse of haemo- 
globinuria 
13 Case 5—At end of attack of haemoglobinuria ... 
14 Case 6—At end of attack of haemoglobinuria 
15 Case 6a—At end of attack of blackwater 
16 Case 7—During attack of blackwater 4 
17 During convalescence, three days later 
18 Case 7a—During attack of haemoglobinuria 
19 Case 8 During attack of haemoglobinuria 
20 At end of attack of haemoglobinuria 
21 Case 10— During attack of haemoglobinuria 
22 F Towards close of attack of haemo- 
globinuria 
23 t During slight relapse of haemo- 
globinuria 
24 5 During another slight relapse of haemo- 
globinuria 
25 Case 11—Towards close of attack of haemo- 
globinuria 
26 " At end of attack of haemoglobinuria 
(during suppression) 
27 x Three days later (during suppression)... 
28 Case 12—At end of attack of haemoglobinuria 
29 " Next day 6 
30 Case 14—During attack of haemoglobinuria 
31 3 Ten hours after close of attack 
32 Case r4a— Towards close of attack of haemo- 
globinuria 
33 Case. 15— During attack of haemoglobinuria 
34 a During attack of haemoglobinuria... 
3 Case 16—At end of attack of haemoglobinuria ... 
36 Case 17—During attack of haemoglobinuria ... 
37 5 During attack of haemoglobinuria... 
38 =, During attack of haemoglobinuria 
39 During attack of haemoglobinuria 
40 At end of attack of haemoglobinuria ... 


| 
Amount 
of blood : 
amount of 
potassium 
oxalate 
solution 


Colour of oxalated 


plasma in a layer 
3 mm. thick 


Dark orange 
Dark orange 
Dark orange 
Dark orange 
Dark orange 


Dark orange with 
reddish tint 
Dark orange with 
reddish tint 

Orange 
Orange 
Light orangc 
Dark orange 
Light orange 


Light orange 
Dark orange 
Light orange 
Dark orange 
Light orange 
Dark orange with} 
reddish tint | 
Dark orange 
Dark orange 
Dark orange with 
reddish tint 
Dark orange 


Dark orange 
Dark orange 
Dark orange 
Dark orange 


Light orange 
Dark orange 
Orange 
Light red 
Orange 

Dark orange 


Dark orange with 
reddish tint 
Dark orange 
Dark orange 
Dark orange with 
reddish tint 
Dark orange with 
reddish tint 
Dark orange with 
reddish tint 
Dark orange with 
reddish tint 
Dark orange 


Length of 


column 


examined 


with 


spectro 


scope 


18 mm. 


Percentage of 


haemoglobin 
in blood 
plasma 
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When the blood of individuals, not in normal health, but sulfering 
from malaria or other affections inet with in the tropics, was examined 
it was found that the variations in the amount of haemoglobin 
dissolved in the blood plasma lay within much the same limits as in 
health (Table 32). Thus in fourteen cases of malaria the percentage 
of dissolved haemoglobin in the blood plasma ranged in twelve 
between 0'02 per cent. and 0'20 per cent, but reached in two « 
the somewhat high degree of 031 per cent. (in neither of the 
latter did blackwater fever make its appearance); in the remaining 
seven cases (dysentery, diarrhoea, etc) the range was between 
per cent. and 0'16 per cent. [t may here be noted that in perfecth 
healthy rabbits and oxen we have failed to find dissolved haemoglobin 
in the oxalated blood plasma. Examined in the above described 
manner it was found that the blood plasma in blackwater fever ga 
percentages of dissolved haemoglobin ranging from less than 0'00 p 
cent. to 005 per cent. (Table 33). The number of cases examined 
was seventeen, and the number of estimations made amounted 
forty. The observations fall into three classes: those made befor 
after and during the passage of blackwater. In the first class, whi 
includes only three observations (1, 2, 5), the percentage of dissolved 
haemoglobin was 0'13 per cent. or less. Та the second class, which 
includes eighteen observations Оа Hi, U2 h Q "Tei E. 20, 26, 
27, 28, 20, 31, 35, 40), usually made shortly after the close of the attack 
the percentage of dissolved haemoglobin was from 0:20 per cent. to 
ООО per cent. In the third class, consisting of nineteen observations 
given in Table 33 in thick type, the percentage of dissolve 
haemoglobin was in twelve (6, 7, 18, 21, СООО 09337. 38, 30) 
cases raised lying between 0'95 per cent. and 0°30 per cent.; in the 
remaining seven (3, 16, 19, 22, 24, 25, 32) observations it lay within 
the limits met with in health, namely, 0'25 per cent. to 0'09 per cent. 
With regard to the latter, it must be remarked that although in these 
observations the first specimen of urine voided after the examination 
of the blood plasma contained haemoglobin, as will be seen b 
reference to the clinical histories on pp. 176 to 246; nevertheless it 
does not follow that the urine which was being excreted at the tim 
of examination of the blood plasma then contained haemoglobin. 
It is possible, if not probable, that in some cases the haemoglobin 
had already disappeared, though, owing to the relatively long intervals 


75 


at which the patient passed urine, this did not become evident. Much 
variation, it may be observed, was exhibited in respect of the passage 
of urine, in some attacks urine bemg passed frequently, im others 
retained long inthe bladder. Failure to observe haemoglobinaemia 
assuming for the moment that this is constantly present during 
haemoglobinuria, a point which will be further considered on pp. 
86 to 89 would, therefore, be expected to occur in a certain 
proportion of the cases examined during the passage of urine 
containing haemoglobin. 


‘ante 34 Examination of blood plasma for the presence of dissolved haemoglobin, 
during haemoglobinuria of blackwater fever. Selected from Table 33. 


| Percent- 


No. of age of 
obser- Case | haemo- Condition of urine at time of collecting plasma. 
vation globin 


in plasma 


3 2 01396 | Oncentrifugalising the urine the supernatant liquid was found to be 
brown in colour, gave no oxyhaemoglobin bands, but yielded 
gy col. of brown precipitate on boiling after acidification with 
acetic acid (= about œz % of haemoglobin). 


16 7 013% Similar to above 
19 8 013%, Urine contained o'1 % of dissolved haemoglobin. See Fig. 12 
22 10 0:09 % Я 0°03 % 3 13 
25 1 0'25 % | n 0:9 % 14 
32 ца f 6:095 : 024 95 X 17 
6 3 0°57 96 17290 ` » 10 
7 ” 040% ` U3 /o , n 
18 7а 07490 » o4 % to r1 % » 1 
21 10 085% 3 11 90 ETT 
2 » 0°30 % » 5 % 
24 » 0'20 % ” O'4 7o D » y> 
3o 14 057 % » U5 7o » 16 
33 15 056% ; 13 o " a E 
34 » у ЫС о7% x 
36 17 | 065% » 31% » 20 
37 ‚ | 067% » 14 70 " 2 mm 
38 » | 095% , 1:9% 5 i 
39 ” 048 % , o5 % » ” 


Further support to this view is afforded by Table 34, in which 
the percentages of dissolved haemoglobin m the blood plasma in the 
nineteen observations last referred to are given side by side with the 
corresponding percentages of haemoglobin m the urine. It will be 


seen that, in the cases (3, 16, 19, 22, 24, 25, 32) Іп which the percentage 


70 
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of haemoglobin in the blood plasma is not increased, the percentage 
of haemoglobin in the urine is low, reaching to 0'9 per cent. in one 
case (25) and lying in the remaining six cases between 0'4 per cent 
and 0'03 per cent. On the other hand, in the twelve observations in 
which the amount of dissolved haemoglobin in the blood plasma was 
increased, the percentage of haemoglobin in the urine was much 
higher, ranging between 0'4 pet cent. and 3'1 per cent. 

To sum up, then, we may say that, in the observations made in 
blackwater fever while the urine in the bladder still contained haemo 
globin, an increased amount of dissolved haemoglobin in the blood 
plasma was observed in most but not in all cases. 

We now turn to the second problem: is haemoglobinaemi: 
ordinarily attended with haemoglobinuria, and, if so, what quantita 
tive relationship between the two conditions exists? To determin 
this point it was necessary to produce haemoglobinaemi 
experimentally. 

Method. Oxalated rabbit's blood was centrifugalised, the super 
natant plasma pipetted off, and the red cells laked by adding a small 
amount of distilled water. To the solution thus obtained an amount 
of solid sodium chloride was added in amount sufficient to make the 
proportion of this salt 0'85 per cent. The red cell stromata, which 
Were precipitated by the addition of sodium chloride, were then 
removed by centrifugalisation, a dark red liquid being obtained. Th 
percentage of haemoglobin in this solution was determined by means 
of a haemoglobinometer reading, and a measured volume of the 
solution injected into a vein of the ear of the rabbit supplying the 
haemoglobin. At the end of three to six or more minutes, about ten 
drops of blood from the opposite ear were allowed to fall into 
O'I c.cm. of І per cent. potassium oxalate solution, the volume of the 
mixture being carefully measured. This was then centrifugalised, and 
the percentage of haemoglobin in the plasma determined usually by 
matching, under a comparison spectroscope, with a solution of 
haemoglobin of known concentration, though when the concentration 
of haemoglobin was high a haemoglobinometer determination was 
sometimes made instead. At later periods similar estimations of the 
haemoglobin content of the plasma were carried out. In the same 
way the haemoglobin content of the urine was determined, and the 


- 
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urine was also tested fur coagulable proteid, any deposit present being 
submitted to microscopical examination. In [experiments 8, 9 and 
IO the urine was collected continuously by means of a cannula 
introduced into the bladder, in the other experiments it was voided 
naturally. 

Before experiment, the oxalated blood plasma of the rabbits 
employed was found to be of a very faint yellow tint, almost colourless. 
On spectroscopic examination no haemoglobin bands were as a rule 
seen, though on one occasion 005 per cent. of dissolved haemoglobin 
was met with. The weight of the rabbits ranged from 912g. to 
1,760g., the total amount of blood the animals possessed varied from 
75 с.с. to 118 c.cm., and the ratio of blood to body weight (Table 35) 
was 


J; to 45, the lugher fraction being reached in the younger, and 


therefore lighter, animals. 

The amount of haemoglobin injected was that obtainable from 
O'44 g. to 7:52 g. of red cells (in the moist condition). In all except 
Experiments 6 and 8, Tables 35 and 37, the haemoglobin was 
obtained from the animal’s own red cells. The amount required in 
the two latter experiments being too large to be conveniently taken 
from the animals subjected to experiment, part of the haemoglobin 
injected was obtained from other rabbits. The injection of laked 
blood produced no recognisable ill effect, the animals taking food 
well during the experiment and seeming in every respect normal In 
Experiment 5 the animal was apparently unaffected by the injection, 
but died suddenly at the end of eighty-five minutes; possibly in this 
case death was due to embolism, for the stromata of the laked red 
cells were not completely removed from the haemoglobin solution 
before injection. 


After the injection of dissolved haemoglobin into the vein of the 
ear, the blood plasina of the injected animal became of a reddish 
colour. At the end of three to twenty minutes, estimations of the 
amount of haemoglobin present showed that this ranged from 078 per 
cent. to 10°80 per cent. Тһе amount present unmeduiately after 
injection may be calculated in the manner indicated on p. go, and 
is found to be somewhat higher, ranging between o8: per cent. and 
12:15 percent. As the amount of haemoglobin injected intravenously 


was known, the total volume of the plasma of the rabbit could be 
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SO 


calculated from the percentage present in the plasma after injectio; 
and, as thc relation between the volumc of the red cells and th 
the plasma had previously becn determined by the aid of 
haemocrit, the total volume of the blood was also by this m 
ascertained. As time went on the amount of haemoglobin in th 
rabbit’s plasma diminished at first rapidly, then more slowly, until 
at the end of twenty-four hours the amount present was less than 
CE plein EER, 

The first specimen of the urine, after intravenous injection 
dissolved haemoglobin, was, in all experiments except the first two, 
in which the tint was lighter, porter coloured in a layer two inches or 
more in thickness, and dark red or reddish brown in a layer on 
centimetre thick. The percentage of haemoglobin ranged from 5‘ 
per cent. to O6 per cent, rcaching, however, in one experiment 
0'00 per cent. In succeeding specimens of the urine the amount 
haemoglobin usually became progressively smaller, and at the end oí 
twenty-four hours disappeared. The total amount of haemoglobin 
eliminated in the urine after injection, rangcd in the experiments 
made between o'2 g. and 1°34 g. These amounts refer, however, onl) 
to unaltered haemoglobin. In addition a relatively small amount oÍ 
haemoglobin was broken up in the urine, to which it imparted a 
brownish tint. The actual amount of haemoglobin passing into the 
urine would, therefore, be slightly greater than the amounts given m 
Column 6, Table 35. To obtain some idea of the total haemoglobin 
discharged into the urine, a given volume of the urine was rendered 
slightly acid with acetic acid, boiled, and the volume of the resulting 
chocolate coloured precipitate measured after centrifugalisation in a 
graduated tube. By comparison with iı parallel series of experiments 
in which known amounts of red cells were laked and added to urine 
the volume of the precipitate obtained aftcr acidifying and boiling 
being carefully noted, the amounts of haemoglobin originally 
discharged into the urine were determined. The percentages 
obtained in this way were larger than those given by haemoglobino- 
meter readings of the diluted urine, by an amount not exceeding 


25 per cent. In these experiments the precipitate produced in the 


* For further details ср. A method of estimating the total volume of blood contaiue 
in the living body, Proceedings of the Royal Society of London, 1909, Series B., vol. 81 
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urine by boiling was incistinguishable from that obtained on boiling 
a solution of haemoglobin. In particular, no lighter colour, such as 
might be taken to indicate the presence of serum albumin or globulin 
could be detected, when the former precipitate was compared with 


the latter. 


TABLE 36. Examination of oxalated blood plasma for the presence of dissolved haemoglobin, 
in experimentally induced haemoglobinuria in rabbits. Selected from Table 35. 


No. of | Percentage of haemoglobin in 
Ехрегі- plasma Condition of urine 
ment 
1 0*5 % or less Urine contained trace of haemoglobin 
2 o*81 % to less than 0°49 % Ж » oag % 
3 5:04 % to 3:10 9 pa К 1:70 %, ра See fig. 2 
4 б-со 95 to 1:769, - x 1:32 95 3 
5 434 96 to 317 % + 24596 I 
6 8:59 % to less than o:84 °% 0*63 % 5 
7 С (ita) exei 4:80 % | 
(b) 9:20 % to less than 3:54 ^, 2.5000 ^ 
(c) 8:50 94, or more deep 
8 eels А ОЛГОНДО, Zo ` 7 
9 2:2026 to 200 4 11:20 ®, (maximum „ 5 
10 ogo 95 to o-54%, 7:00 9 (maximum "Em 


In Table 36 some of the percentages of haemoglobin in blood 
plasma and urine are placed side by side so that the degree of 
haemoglobinaemia and haemoglobinuria may be compared, as was 
done in the case of the blackwater fever observations recorded in 
Table 34. The highest degree of haemoglobinaemia observed in 
the rabbit is 108 per cent, while the highest amount in blackwater 
fever was 0'95 per cent. It must, however, be observed that in the 
former case the observations were frequently repeated, and the tine 
at which the maximum would occur was known in advance, while in 
the human subject the number of observations which could be made 
was limited and the probable course of the haemoglobinaemia was 
unknown, so that highest percentages were therefore in all probability 
not ascertained. 

In comparing the degree of haemoglobinacinia with that of 
haemoglobinuria in experimentally induced haemoglobinaenta it 
must be remembered that the last three experiments in Table 36 
stand apart from the others since ш these the urine was collected 


г 
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continuously, instead of being voided at mtervals as in the preceding 
experiments. [t will be noticed that the percentage of haemog! 

in the urine voided in the first seven experiments 15 less than th 
the blood plasma (Table 36); in Observation 8 the same is also noted 
but in Observations o and то this relation is reversed in the sens 

the inaximum percentage of haemoglobin in the urine is considerabl; 
higher than the corresponding percentage in the blood plasma 
better comparison is, however, made if curves are constructed, th 
ordinates of which denote percentages of haemoglobin and th 
abscissae periods of time. This is done in Figs. 2 to 9. 
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Fic. 2. Exp. 3, Table 35. Experimental haemoglobinaemia of rabbi 
Percentage of dissolved haemoglobin in blood plasma and uring 


o 5 10 M 20 мо hours 

[е e ОШБУ. 4, Шабе 35. experimental haemoglobinaemia of rabbit 

Percentage of dissolved haemoglobin in blood plasma and urine, 

In most of these curves (Figs. 2 to 6) the perceniage 
haemoglobin in the plasma appears first greater, and subsequenti) 
less, than that in the urine. In Figs. 7, 8 and 9, however, it 1s seen 
that the percentage of haemoglobin in the urine in reality at th 
beginning of the experiment quickly rises till it considerably exceed 
that in the plasma, after which it dechnes again with the latter. | 
greatest difference was observed in Experiment 9 in which th 
percentage of haemoglobin in the urine became at one time as mt 


as 7 per cent. while that ш the blood plasma was only 0°54 per ceni 
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It 1s, of course, obvious that if im these three experiments (Figs. 7, 
8, О) the urine had been allowed to accumulate in the bladder 


sufficiently long no such relation would have been discoverable. As 
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bic. 4. Exp. s, Table 3s. Experimental haemoglobinaemia of rabbit. 
Percentage of dissolved haemoglobin in blood plasma and urine. 
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Percentage of dissolved haemoglobin in blood plasma and urine. 
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Fic. 6. Exp. 7, Table 35. Experimental haemoglobinaemia of rabbit. 
Percentage of dissolved haemoglobin in blood plasma and urine. 


regards the earlier portions of the urine, which contamed less 
haemoglobin than the blood plasma, in Experiments 8 to Io, in which 
continuous collection was practised, it is uncertain how far these 


‘epresent the real state of affairs, since although the urine was 
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Fic. 7. Exp. 8, Table 3s. Experimental haemoglobinaemia of rabbit 
Percentage of dissolved haemoglobin in blood plasma and urine. 
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Nic. 8. Exp. 9, Table 35. Experimental haemoglobinaemia of rabbit 
Percentage of dissolved haemoglobin in blood plasma and urine. 
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FIG. 9. Exp. ro, Table 35. Experimental haemoglobinaemia of rabbit 
Percentage of dissolved haemoglobin in blood plasma and urine. 
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collected by means of a cannula tied in the bladder, the portion first 
secreted containing haemoglobin would be diluted with the normal 
urine still remaining in the pelves of the kidneys and ureters, and 
also with the very small amount yet remaining in the bladder. In 
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Fic. то. Blackwater Fever, Case 3. Percentage of dissolved 
haemoglobin in blood plasma and urine. For further details of 
urine, see p. 185. 


the experiments recorded in Figs. 7 to 9, the urine in the glass cannula 
continued amber-coloured for two to five minutes after intravenous 
injection of dissolved haemoglobin; it then became dark red in 
colour, a sharp hne of demarcation appearing in the cannula between 
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FiG. rr. Blackwater Fever, Case 7a. Percentage of dissolved 
haemoglobin in blood plasma and urine. For further details of 
urine, see p. 199. 


the two kinds of urine. The red tint of the urine then underwent a 
slight increase in depth as the urine continued to be secreted. To 


what extent this was due to the first portions being diluted with urine 
still remaining in the urinary passages is not clear, though from the 
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PS, Fea Blackwater Fever, Case 8. Percentage of dissolved 
haemoglobin in blood plasma and urine. For further details of 
urine, see p. 204. 


SO 


[t is now possible in the light « 


observations to study further the relation between t 
haemoglobinuria and the accompanying haemoglobinaemia alrea 
observed in some, but not all, of the cases of hlackwater fev 
4 
Ab 
3 
] 
208 plasma 
з darya 
biG. rs. Blackwater ever, Case 1:23 Percentage of dissolved 
haemoglobin in blood plasma and urine. For further details 
nrime, see p. 224. 


curves in Figs. 7 to © il can be asserted with certainty that th 
initial rate of elimination of urine is not the maximum rate, by 
continues for a time to increase 
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Гіс. 14. Blackwater Fever, Case tt. Percentage of dissolv 
haemoglobin in blood plasma and urine. For further details 
urine, see p, 220. 


of the preceding experimental 
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examined during the passage of urine containing haemoglobin. 
Turning again to Table 34 (p. 75), we find that we are here dealing 
©) Тыш R if A > 


with much smaller percentages of haemoglobin, especially in the case 
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haemoglobin in blood 
urine, see p. 238. 


Blackwater lever, Case тда. Percentage of dissolved 
For further details of 


in blood plasma and urine. 
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18. Blackwater Fever, Case 15. 
haemoglobin in blood plasma and urine. 


urine, see p. 233. 


lic. 


ef the blood plasma, than those obtaining experimentally in rabbits. 
Although the observations made on blackwater fever are, in part, 
necessarily far less complete than those obtaining in the rabbit, and 
the percentages obtained cannot pretend to represent maximal 
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percentages, yet one feature stands out quite. clearly, namely, tiat 
the percentage of dissolved haemoglobin in the blood plasma app 
to be much lower than in experimentally induced hacmoglobinac; 
none of the specimens of plasma obtained giving a higher percen 


than 0'95. On the other hand the percentages of haemoglobin in 
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liG. зу. Blackwater ever, Case 16. Percentage of dissolve 
haemoglobin in blood plasma and urine. lor further details 


urine, see p. 237. 


urine, though not quite so high as those observed under simila 
conditions in. rabbits, are much more nearly comparable with (h 
latter, the highest 3°1 per cent. (Observation 36, Table 34). T 
the degree of haemoglobinacnna observed in blackwater fever in thi 
last thirteen experiments in Table 34 is not incompatible with 

considerably higher percentages of haemoglobin met with in the urin 
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Fic. 20. Blackwater Fever, Case i17. — Percentage of dissolved haemo- 
globin in blood plasma and urine. For further details of urine, 


see p. 241. 


in these cases, is shown by the experimental work in rabbits, in 
particular by Experiments 7 to 9, Table 36, so that there is nothing 
in these thirteen results (Observations 6 to 39, Table 34) to negative 
the supposition that the haemoglobinuria in these cases is dependent 


upon accompanymg hacmoglobinaemia. То render a comparison 
with the experimental results casier the series of diagrams, Figs 1 
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to 20, have been made. Notwithstanding the incompleteness of 
some of the Figures, they illustrate the wide divergence in degree 
between haemoglobinaemia and haemoglobinuria just referred to 
(Figs. 10, 13, 14, 16, 18, 20). It is observable that a fall in the 
percentage of dissolved haemoglobin in the blood plasma appears 
attended by a corresponding fall in the percentage of haemoglobin 
in the urine (Figs. ТО, 12, 13, 16, 18, 20), just as occurs, after the 
initial maximum has been reached, in experimental haemoglobinaemia 
(Figs. 8, 9, 10). А striking point of difference between the two series 
of observations is that im experimental haemoglobinaemia the 
disappearance of haemoglobin from the blood plasma appears to be 
more rapid than in blackwater fever. To make this clear, a com- 
parison in respect of time should be made between the rate of 
disappearance of haemoglobin in Figs. 2 to 9 (experimental haemo- 
globinaemia) and that occurring in Figs 10, 12, 13, 14, 18 and 20 
(blackwater fever). 

If the comparison is made between the amount of haemoglobin 
injected intravenously and that reappearing m the urine (Table 35), 
it is seen that, in our experiments, the latter was only a small 
fraction of the former ranging between 3 per cent. in Experiment 2 
and 25 per cent in Experiment o. Thus the laked haemoglobin in 
the rabbit's plasma does not pass through the kidneys except in a 
relatively small amount, the greater part of the dissolved haemoglobin 
being dealt with in the body. We have here a striking parallel 
with the effect of injecting egg albumin into animals. In the latter 
case the foreign proteid injected is, in carnivora, broken up in the 
body, the nitrogen it contains being eliminated as urea in the urine, 
and only a small fraction escaping through the kidneys unchanged.* 


In the experiments recorded in Table 35 repeated examinations 
of the blood plasma were made so that it becomes possible to study 
the rate at which elimination of dissolved haemoglobin has taken 
place. This proceeded rapidly at first and subsequently progressed 
more slowly. 1n one Experiment (4, Table 35) a marked irregularity 
in the rate of disappearance occurred, the percentage of dissolved 


haemoglobm in the plasma remaining almost unchanged for two 


* Friedemann and Isaac. Zeitschr. f. exper. Pathologie, тоо, Ва. т, 5. 513, 
quoted by v. Noorden, Pathology of Metabolism, Tondon, 1907, Vol. 2, p. q 
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hours. The reaction rate formula for bimolecular and multimolecular 
reactions does not apply to these experiments. The rate of 
disappearance of haemoglobin follows, however, fairly closely a 
monomolecular course, as the values of K, calculated in the fourth 
column of Table 37, show. This will be further evident when the 
percentages calculated in the last column of this table are compared 
with those determined by experiment, in the third column. It thus 
becomes possible to calculate the haemoglobinaemia present 
immediately after injection, and from this the total volume of blood 
in the animals at the beginning of the experiment can be determined 
(Col 3, Table 35) When the dissolved haemoglobin has been 
reduced to less than 10 per cent. of its original amount, further 
destruction proceeds with considerable and rapidly increasing 
slowness. The rate of disappearance thus is similar to that observi 
in Tablé 17. Contrary to what would be expected there seems t 
be considerable difficulty in removing the last traces of haemoglobin 
from the plasma. It may here be observed that rabbits which have 
been injected with dissolved haemoglobin show small percentages of 
haemoglobin in their blood plasma for many days afterwards, m this 
respect resembling human beings and differing from normal rabbits 
The curious change in the rate of disappearance of haemoglobin, 
exhibited in Experiment 4, in which the percentage of haemoglobin 
remained almost unaltered between the hundred and thirty-fourth 
and the two hundred and fifty-seventh nunutes, 1s difficult to interpret 
The rate of disappearance of haemoglobin is relatively slow in 
Experiments 2, s and o, in which the value of K is 000105 ; in the 
other experiments K ranges between o'oo2o and 00056. These 
values stand, except in Experiment 9, in a definite relation to the 
age of the animal used for experiment ; in Experiments 2, 5 and 0 
the animals employed were young, and the total blood was, as alread) 
mentioned, about one-tenth of the body weight. 

The question arises, does the disappearance of the dissolved 


haemoglobin depend upon decomposition occurring in the blood 
plasma? This enquiry cannot be directly settled by experiment m 
vitro with the non-oxalated plasma of the rabbit, owing to the 
rapidity with which clotting takes place. In Table 38 are recorded 
some observations made with oxalated plasma, and with plasma 
defibrinated by shaking with glass beads. In Experiment т the 
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* In Experiments 2, 7, 9 and 10 the formula 


1 + 
log — is employed 
1 (Ge r 


The rate of disappearance of dissolved haemoglobin from the Баға) plasmi in the living 


Calculated relative 
percentage of 
haemoglobin 
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haemoglobin and plasma employed were those of Rabbit E 
35 and 37; in Experiment 3, those of Rabbit 6, Tables 35 a 
In all three experiments the disappearance of laked haemo: 
took place very slowly, compared with that occurring in the 

body, less than 30 per cent. being broken up in six and a half h 


No data are available to indicate the vate at which in the circul, 


blood, destruction is effected solely by the plasma, nor do our ex 
ments permit any conclusion to be drawn as to the part played b 
body tissues in the removal of haemoglobin. The disappearance i 
the dissolved haemoglobin is also, to a small extent, affected by i 
action of the kidneys. To what extent this affects the percen 
present in the blood plasma cannot be precisely determined, sin 
is unknown how far the amount of water leaving the blood to p 
through the kidneys is replaced by water absorbed from the cont 
of the stomach and intestines. 


Hi 


SUMMARY 


The principal pomts in the foregoing may be summed up 
follows : — 

I. In oxalated. blood. plasma obtained from healthy. individual 
O 10 per cent., or less, to as much as (25 per cent. of dissolved hacen 
globin was found; in oxalated blood plasma obtained during blaci 
water fever, while the urine in the bladder still contained haeux 
globin, the amount of dissolved haemoglobin was usually, but not 
always, greater than this, ranging between 0°30 per cent. and 
percent 


Os 


2. Haemoglobinaemia produced experimentally in the rabbit i 


accompanied by haemoglobinuria, the percentage of haeinoglobin m 
the urine quickly surpassing that in the blood plasma (Experiments 
8-10, Table 35), and subsequently falling as the latter diminished. 


2 


3. The disappearance of dissolved haemoglobin from the bl 
plasma proceeds in the living body of the rabbit 


[ar | 


at approximate] 


the same rate as a monomolecular chemical reaction. 
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IV. MECHANISM OF PRODUCTION OF SUPPRESSION OF 
URINE IN BLACKWATER FEVER. 


With a view of throwing light upon the mechanism of producti 
of blackwater fever, the action of quinine ou red cells, the relati 
between hacmolysinaemia and  blackwatcr, and that existin 
between haemoglobinaemia and haemoglobinuria, have been studic 
in the preceding sections. Before proceeding to consider (in thc ii 
section) how far the data obtained in the last section are capabli 
accounting for the haemoglobinuria of blackwater fever, it will 
couvenient to deal, first of all, with a not uncommon sequel of black 
water, namely, suppression of urine, since it may readily be surrnis 
that the mechanism of production of this condition is closely linke 
up with that of the haemoglobinuria of blackwater fever. rh 
investigation of the mechanism of suppression of urine in blackwate 
fever is m its turn intimately associated with the study of anoth 
phenomenon not hitherto referred to, that is the occurrence of cast 
in thc urine, In thc cases of blackwater fever which came undei 
obscrvation, these werc met with not only during the perio 
hacmoglobinuria and for a short time after its cessation, but als 
during suppression, when only a very small amount of ambcr-colour 
urine was being passed. Casts were also present during the haem 
globinuria cxperimentally produced in rabbits, already described i 
the preceding section. Fur convenience of description, it will | 
better to take first the appearance of the suspended matter in th 
urine in experimental haemoglobinuria; then that of thc suspende 
matter in the urine in blackwater fever; after which the condition 
the kidneys in the latter condition will be described, and lastly th 
bearing of the data thus obtained upon the mechanism of productio 
of suppression of urine will be considered. 

The urine of all the rabbits in which haemoglobinuria had hee 
produced experimentally (Table 35) contained, with onc exception 


solid matter at the tinie the urine was voided. The urine was at this 


time free from the ordinary crystalline or amorphous deposit foun 
in urine, especially upon standing, and the solid matter which : 
contained (cp. Table 39) consisted of casts containing. granulcs of 
more or less dark colour, scattered sometimes in very small nuinbe 
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and irregularly (Figs. 22, 24), sometimes very densely packed 
24), the casts then becoming of a dark brown or 


m 
The size of the granules varied 


together (Figs. 23, 
reddish brown, almost black, colour. 
from О°$ и, or less, to as much as 4 и to 4'5 и, not infrequently both 
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hig. 21.  Ulyaline casts in urine of rabbit (Exp. 2, Table 35) four hours 
after intravenous injection of dissolved haemoglobin. Magnification 
150 diameters. 


fine and coarse granules being present together (Figs 22 and 24). 


Free granules were also met with, somctimes, if not generally, 
The frec granules 


obviously due to the breaking up of the casts. 
colourless material 


appeared in the form of masses, held together by 
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lic. 22. Granular and epithelial casts in urine or rabbit (Exp. 3, Table 
35) twenty hours after intravenous injection of dissolved haemoglobin. 
Magnification 180 diameters. 
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of a very soft consistence; sometimes they appeared to be 
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unconnected with one another. The granules occasionally 


standing became partly obliterated as the result of decompositic 


the urine. When this occurred, as also when the granules 
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16. 23. Granular and hyaline casts in urine of rabbit (Exp. s, Tabl 
35) eighty-five minutes after intravenous injection of dissolve 
haemoglobin. Magnification 180 diameters. 
scanty, it became possible to observe the character of the matri: 
the casts. This was of a hyaline material, not unfrequently showing 
creases or bends (Figs. 21, 23). Sometimes the casts exhibited her 
and there small masses suggestive of nuclei. In the unstainc 


condition it was difficult to decide whether these were really nuclei or 
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hic. 24. Granular and epithelial casts in urine of rabbit ü XD. о, 
Table 35) twelve and a half hours after intravenous injection 


al 
dissolved haemoglobin. Magnification 180 diameters. 
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not, but when a little methylene blue solution was added these masses 
could be recognised to be nuclei resembling those of the epithelial 
cells of the renal tubule, from which they obviously arose. The casts 
varied considerably in length, being from 204 to as much as 400 и 
long, their diameter ranging from 3 и to 30 н, or more (Figs. 21 
to 24). The size of the degenerated nuclei ranged from 7 и to 12 n. 
The nuclei were usually very few in number, but occasionally became 
numerous, the casts then becoming epithelial casts (Figs 22, 24). 
Free epithelial cells with degenerated nuclei were also found, some- 
times singly, sometimes in groups of two and three, in the latter case 
forming a transitional condition between single free cells and 
epithelial casts. All the free cells met with in the haemoglobinous 
urine of Experiments 1 to 10, Tables 35 to 30, were of spheroidal 
form, and appeared to be derived from the uriniferous tubules. The 
urine, when examined before the injection of haemoglobin, was 
always free from cells. The amount of solid matter contained in the 
haemoglobinous urine in these experiments was very variable 
(Table 39), being sometimes very small, sometimes abundant, forming 
on standing a precipitate of as much as a sixth of a column. This 
variation appeared in Experiments 9 and to (Figs. 8 and OQ) to. be 


‘TABLE 39. Characters of deposit from urine of rabbit during haemoglobinuria experi- 
mentally induced. Cp. Tables 35 and 37. 


No ot 
Experi- Colour Amount Microscopic characters 
ment 
1 Brown Very small No casts 
2 Brown Very small Hyaline casts with here and there fine granules 
a | _ (Fig. 21) А 
3 Greyish Very small Granular casts (large and fine granules), very few 
| black renal epithelial cells (Fig. 22) 
4 | Chocolate Abundant (a col.) | Granular casts (large and fine granules) and granular 
coloured debris 
5 — Very small Granular casts (large and fine granules) and hyaline 
ў casts (Fig. 23) 
6 Chocolate Abundant (gy col.) Granular casts (coarse and fine granules), free 
coloured granules, renal epithelial casts (Fig. 24) 
7 Chocolate Small Granular casts and free granules 
coloured 
8 : Small Granular and renal epithelial casts 
9 Chocolate Abundant (4 col.) Granular casts and renal epithelial cells 
coloured 
10 Chocolate | Abundant (À col.) | Granular casts and renal epithelial cells 
coloured 
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related to the percentage of haemoglobin in the urme, being imosi 
abundant when the latter was highest, but further experiments ar 
required to settle this point definitely. The deposit from the urin 
on centrifugalisation was always dark in colour, sometimes of a dar 
chocolate colour, sometimes of a greenish black colour. Red 
were not met with, The deposit diminished in amount as the hacmo 
elobinuria lessened, but was still present for about a day after th 


haemoglobinuria had ended. 
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bic. 25. To left, deposit from chocolate-coloured urine of Case 2 (secon 
day), consisting [in addition to pus cells and bacteria, not sketched 
of red cells, more or less decolourised, together with a few granula 
casts. To right, deposit from dark amber-coloured urine of Case : 
(fifth day), consisting of hyaline casts, in which a few indistin 
nuclei can be seen. Magnification 180 diameters, 


Similar casts and free epithelial cells were also found in th 
chocolate coloured deposit of the urine during redwater in cattle an 
dogs, due to piroplasmosis. 

The urine in the twenty attacks of blackwater fever studie 
contained, in all cases in which tliis point was determined, that is n 
all except Cases 1 and 12, Table 40, solid matter chiefly made up ol 
granular casts and granular débris, similar in appearance to that 
already described in experimental haemoglobinuria in rabbits Whi 
unmixed with the crystalline and ainorphous deposits formed in urm 
which has stood for some time, the suspended matter was fonnd o 
centrifugalisation to be of a chocolate brown colour. As in exper! 
inental haemoglobinuria, it varied considerably in amount in different 


cases, being sometimes scanty, sometimes when allowed to sediment 


Oh, 


amounting to a fifth of a column of the urine. As in the former 
experiments, so here also it is not possible, from the data at present 
available, to state the conditions which determine the amount of 


suspended matter; no clear relationship between the amount of 
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lic. 26. Deposit from porter-coloured urine of Case 3 (second day). 
Granular casts and free granules are seen, Also one hyaline cast. 
Nuclei can be recognised in four of the casts. Magnification 180 
diameters. 


suspended matter, on the one hand, and the percentage or the total 
amount of haemoglobin eliminated in the urine, on the other, is 
recognisable by a comparison of Table до with Tables 43 and 45. 
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Fic. 27. To left, deposit from amber coloured urine of Case 4 (third 
day), consisting of small granular casts. То right, deposit from 
port wine-coloured urine of Case 5 (third day), showing three 
granular casts, two of which contain degenerated nuclei, derived 
from a renal tubule; two squaimons cells are also seen. Magnification 
180 diameters. 
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The amount of deposit diminishes with the haemoglobinuria, but 
after the urine has remained free from haemoglobin as long as three 
days, casts may still be found in it. 
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Fic. 28. Deposit from porter-coloured urine of Case 7 (second day 


consisting of granular casts, the granules being dense in the smalle 
casts. Magnification 180 diameters 


The appearance of the casts and granules in the urinary dep 
in the blackwater fever cases examined (Figs. 25 to 31) present 
slight points of difference from that seen in the rabbit's urine. Th 
length of the casts varied from 15 д to 200 4, or more, their diamete 
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Fic. 29. Deposit from porter-coloured urine of Case 7a (first day), 


consisting of granular casts and débris, and (to left) a few red cells 
The granules are of dark brown colour and large size, having a 
diameter of ди to 4:54. Magnification 180 diameters. 


IOI 


ranging between 3 4 and 25 и, rarely more. The casts were brown 
in colour, the depth of colour depending upon the sparsity or 
abundance of the granules present. When the casts contained very 
few granules their hyaline matrix became visible (Figs. 25, 20). Some- 
times the granules were scattered irregularly and in small numbers 
(Figs. 25, 28, 31) sometimes very densely throughout the casts 
(Fig. 30). The granules were sometimes very fine, not more than 
O'5 4 in diameter (Figs. 25, 28), sometimes very coarse, reaching 4 и 


in diameter (Fig. 29) ; intermediate forms were common (Figs. 26, 30). 
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Fic. 3o. Deposit from porter-coloured urine of Case 15 (third day), 
stained with a watery solution of methylenblue. The deposit 
consists of granular casts and masses, in some of which nuclei of 
renal origin are seen. ‘The granules are mostly fine, but some coarse 
granules are seen. A few free renal cells are also present. 
Magnification 180 diameters. 


The colour was brown, the largest granules being the darkest; but 
occasionally variation in the depth of colour was met with irrespective 
of size. Masses of granules were also met with, some obviously 
representing broken-down casts, as well as free granules (Fig. 29), as 
in haemoglobinuria of the rabbit. The consistence of the granular 
casts varied considerably, some being hard and dry (Figs. 27, 28, 30), 


TO2 


others being soft and presenting a swollen appearance (Figs. 20, ; 
the former were sometimes small, the latter of large size, as the 
sketches indicate. Нуаһпе casts (Figs. 25, 20) were much 


frequent than granular casts. Casts containin 


g g one or more nu 


(Figs. 25, 30, 31), and epithelial casts (Figs. 27, 30, 31), were 
uncommon, Free cells and cell masses were also seen (Figs. 
30, 31); the cells were mononuclear, of spheroidal aspect, with so 
times moderate, sometimes abundant, cytoplasm, and obviously с; 
from the uriniferous tubules. Red blood cells, which were not 


with in the rabbit's urine during experimental haemoglobinuria, w 


оа 
| NECS i 
| ° à. 
J КУ 
| y eoo 
FS 
E 
rei 
i 0 
A o: 
| 
On 100 41 700 и 


FiG. 31. Deposit from porter-coloured urine of Case 17 (second day). 
consisting of numerous epithelial cells; also in smaller numbers 
granular and epithelial casts and a few red blood cells, the latter 
being shown in the upper left hand corner of the sketch. 
Magnification 180 diameters. 


encountered during the haemoglobinuria of blackwater fever in te 
out of the twenty attacks investigated (Tables 40 and 43; Figs. 2 
20, 31). These were usually present in very small numbers, but in 
Case 2 (pp. 178 to 181) their number was considerable ; this case wil 
be referred to at length later (p. 149). In three cases (7a, 10, 11; | 
| clinical notes, pp. 195, 207 and 217) red cells were not present at first, 


but as the haemoglobinuria was passing off made their appearance 


| All the above formed elements disappeared completely within thre 
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or four days after the disappearance of haemoglobinuria, except m 
Cases 7a and 11, in which suppression of urine occurred; m these 
casts or plugs continued for eight and five days respectively, until 
death occurred. 

Occasionally squamous epithelial cells were met with, and 
somctimes also pus cells (Cases 2 and o), the latter persisting after 
complete recovery from blackwater fever. Short bacilli were present 
in one case (Case 2), both before and after the attack. In no other 
case were bacteria seen, and in no case were organisms or cells 


other than those already described met with. 


TABLE 4 Characters of deposits from urine during haemoglobinuria of blackwater fever 
Са Colom Amount Microscopic character 
I Red cells in very small numbers 
2 Chocolat \bundant (4 co Numerous red blood cells, pus cells, granular casts, 
colour free granule ithelial cells (Fig ч 
Whitish Abundant ( cal Granular casts and тп; fine granules), epithelial 
casts (on seventh d erv few red cells) (Fig. 26 
4 Small Granular casts and masses (Fig. 27 
5 Brownish Small Hyaline ma or casts (Fig. 25 
6 — Small Granular casts, renal epithelial cells, few red cells 
6a Small Red cells, granular casts and masses, renal epithelial 
cells 
7; Dark brown Abundant (š col. Granular casts (fine granules) and masses, renal 
epithelial cells (Fig. 28 
75 Dark brown) Abundant (s col) Granular casts (coarse granules), renal ‹ pithelial celle, 
and red cells (Fig. 29) 
8 — Small Granular casts, few renal epithelial and red cells 
| (Fig. 27) 
9 | Whitish Small (3 col.) Pus cells, granular masses and casts (examined on 
eighth day) 
10 | = Abundant (45 col.) Granular casts and masses, renal epithelial cells 
(on fourth day very few red cells 
11 - | Abundant Granular casts and masses, renal epithelial cells 
| (on fourth day very few red cells 
12 = Abundant Granular and hyaline casts, renal epithelial cells 
n2 - - | — 
14 - Small Granular and epithelial casts and renal epithelial 
cells 
14a Brownish Small (44; col. Granular casts (coarse granules) epithelial casts 
white i 
15 Brown Small (Aç col.) Granular, hyaline and epithelial casts, free granules 
(coarse and fine) (Fig. 3o 
16 Whitish Small Granular casts, renal epithelial cells 
17 Chocolate Abundant (55 col.) | Granular and epithelial casts (coarse and fine 
coloured | granules) renal epithelial cells, few тей cells 


| (Fig. 21 


During suppression of urine in blackwater fever (Cases 7a and 
11, Table 41) casts continued to be found in the urine. The amount 
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of deposit obtainable on standing or centrifugalisation was extremely 
small In Case 7a it appeared of a brownish colour and in Case ıı 
of a whitish aspect, but its colour was difficult to estimate owing to 
the small amount obtainable; in the former case, for example, if a 
sufficient amount of deposit had been available, it would probably 
judging from its microscopical characters, have been of a dark 
reddish brown or chocolate colour. The deposit consisted principally 
of dark granular casts, which, in Case 7a, were just visible to the 
naked eye, being about 100 4 to 150 и long and 40 р to бо и broad, 
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Fic. 32. Deposit from light vellow-coloured urine of Case 7a (third day, during 
suppression of urine). On the left are a few red blood cells. In the 
middle are two large casts and a fragment of a third, containing 
large coarse granules, closely packed and bounded externally by 
epithelium derived from the collecting tubules. To the right are renal 
epithelial cells and cell masses. Cp. with Figs. 28 and 29. 
Magnification 180 diameters, 


The granules were of more or less spherical form, very coarse, having 
a diameter of about 5 4, of a dark reddish brown colour, in ther 
aggregated condition somewhat resembling blood clot, but of 4 
deeper colour, and: were densely packed together, so that it was 
sometimes difficult to discern the outlines of the individual granules 
(Fig. 32). No fine or medium sized granules were observed. The 
casts were covered externally with a layer of epithelium, and from 


their size and the appearance of the epithelium it is clear that most 
of these casts were formed in the ducts of Bertini which they com 
pletely plugged. In addition, masses of epithelial cells and single 
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epithelial cells, both presumably of renal origin and apparently 
separated off from the casts, were met with, as also red cells in 
small numbers in both Case ға (Fig. 32) and Case 11. Casts and 
red blood cells continued in the urine during the whole period inter 
vening between cessation of haemoglobinuria and death. No 
bacteria or other formed elements were met with; hyaline casts were 
absent. The amount of the deposit, which could not be accurately 
measured, owing to the small amount of urine passed, but was 
relatively as well as actually extremely small, did not appear to var) 
much from day to day during the period of suppression, nor did the 


composition of the deposit show any marked change during this 


period. 
Tapte 41. Characters of deposit from urine during suppré ssion in blackwater fever (Cases 7a and Itt 
Case 16 is also given in this Table. 
a 
Case Colour Amount Microscopical characters Coagulable proteid 
7a—2nd day Brownish See p. 199| very sligh 
309 30d РА а [Urine 21 с.с. Red cells, granular casts 
o dih x Urine 11 c.c.] coarse granules) sur- 
» Sth Urine 17 c.c rounded by renal Precipitate | col. to 
4 6th Urine 33 c.c.] . tubule cells, granular > col., of slightly 
FAR x x Urine 48 c.c. 3 débris, free renal cells. brownish white colout 
» 8th Urine 35 c.c.] * [Fig. 32] 
» gth Urine 23 c.c.| 
EN i Urine 43 c.c.| 
11—4th Nearly white | [Urine 48 c.c.] slight 
к. Б ы Urine 92 c.c. А | | 
3j dm y| " Urine 73 с.с.| Granular casts. epithelial, Precipitate š col. to $ 
t gun [Urine 93 c.c.] cells, very few red cells col. of white colour 
» 8th 5 [Urine 35 c.c. is | | 
» 9th | [Urine 8 c.c.] A 
16—4th — [Urine 336 c.c.] very slight [On 2nd and 3rd days, fy col white precipitate 
deposit small, consist- [sp. gr. tol; 
ing of granular cast: 
and epithelial cells] 
a cen [Urine 544 с.с.] * — ; 
= Gh [Urine соо c.c.] — 
5 7th — [Urine 1400 c.c.] > — — 
» 8th — [Urine 840 c.c.] j — 
о Gih — [Urine 420 c.c.] 3 — 


[t will be noticed that the chief alteration in the appearance of 
the casts observed during suppression of urine consisted in their 


large size, in the coarseness of the granules they contained, and in 


the frequent presence of an external epithelial envelope. 
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Suppression of urine in blackwater fever is known not to be 
necessarily complete, and hence the term oliguria is sometimes 
employed to denote this condition, instead of the more familiar 
terms ‘suppression’ or ‘anuria? A search of the literature has not 
enabled us to find exact records of the amounts of urine passed in 
individual cases during suppression, but two of our own cases (7a 
and 11) furnish data on this point. The daily amounts in these two 
cases are given in Table 41, and will be seen to range in Case 7a 
from ІІ ccm. to 43 ccm, and in Case 11 from 8cem. to 92 сст, 
The urine was voided naturally, but owing to the small quantities 
present in the bladder somc difficulty was experienced in voiding it, 
and it is not certain that the bladder was always completely emptied. 
In any case, however, the daily variations were nol usually 
considerable. The average amount of urine secreted by Case a 


was 28 c.cm* per day, and by Case rr 66 ccm. per day (Table 42). 


Taste 42. Average daily amount of urine passed during suppression of urine in 

blackwater fever. The colour of the urine was light yellow or amber. 

= — = 

Average amount of 

Casc Period of irine daily during Sp. gr. of urine Coagulable proteid 

suppression suppression in urine 
7a Nine days 28 с.с гого to Tors | col. to 3 col 
IT Six days 66 c.c. 1'008 to 1:009 2 col. to 1 col. 


(оп fourth and fifth days 


The urine was pale yellow or amber in colour, and was of markedly 
low specific gravity, namely, roro to rois in the first case and 
1'008 to 1'009 in the second case. Unfortunately, no estimation of 
the amount of urea present could be made. Another striking feature 
of the urine was the large amount of coagulated proteid which it 


contained, the precipitate produced on acidifying and boiling 
measuring, on standing, 1 col to 3 col of the urine taken. In 
Table 41, together with the above two cases, in which death occurred 
on the tenth and ninth days respectively, another case is also recorded, 
because the question arose whether this case, in which death occurred 
on the ninth day, should be regarded as one of partial suppression. 
The average daily amount of urine was 640 c.cm. (221 oz), and its 
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specific gravity was somewhat low, being tors. Unfortunately, as 
in the preceding cases, no estimation of the output of urea was 
possible. Thc coagulable proteid obtained on acidifying and boiling 
measured, on standing, +ç col. Further reference will be made to 
this case later. 

Attention must now be directed to the condition of the kidneys 
at the time of death from suppression of urine in Cases 7a and 11 
Before procceding further, however, reference may be made to the 
literature of this subject. The number of post-mortem records of the 
aspect of the kidneys in suppression of urine in blackwater fever, 
which are accompanied by a report of the microscopical appearances 
of these organs, is very small. Two cases of dcath with suppression 
of urine in blackwater fever are described by H. Werner,* death in 
onc case (Case 1) taking place on the day of the attack, and in the 
other case (Case 3) on the third day after the commencement of 
haemoglobinuria. In the first case the kidneys were dark violet 
in colour and were not markedly enlarged. The medulla showed a 
dark brown striation to the naked сус. On microscopical examina- 
tion a finely granular exudation was seen within the Malpighian 
capsules, and occasionally separated cpithehal cells were noted, but 
the glomerular cells were unaltered. The epithelium of the convo- 
luted and straight tubules was normal, but their lumcn was enlarged 
and contained coagulated material exhibiting granules, which were 
fine near the glomerulus but became progrcssively coarser as the 
collecting tubules were approached. No trace of an inflammatory 
process in the connective tissue of the kidney was observed. Inside 
the blood vessels was seen black malarial pigment, and in some 
places plasmodial division forms. In the second case described by 
Werner the kidneys werc of а pale brown to yellowish red colour, 
and were enlarged. The microscopical appcarances were the same 
as in the first case, except that the epithelium of the convoluted 
tubules showed in places cloudy swelling. 

The cases coming under our own observation were two in number 
(Cases 7a and 11, Tables 41 and 42; clinical histories, pp. 195 to 201 
and pp. 217 to 222), death occurring, as already mentioned, on the 
tenth and ninth days respectively, the duration of suppression being 


* Uber die Nieren beim Schwarzwasserfieber, Arch. f. Schiffs- und Tropen- 
hygiene, 1907, B. 11, S. 5. 
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eight days in the first case and five days in the second. The kidney 
showed no obvious congestion, though somewhat dark in aspect 
They were of a brownish colour. The capsule stripped readily 

Case za, and with slight erosions in Case ІІ. A most striking featur 


of the kidneys was their marked enlargement, measuring in Case ; 
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Fic. 33. Section of cortex of kidney during suppression of urine, eight 
days after haemoglobinuria had ceased. Blackwater Fever, Case 7a. 
The renal tubules are considerably distended with fluid. The lumen 
of thirteen of the tubles is partly occupied by darkly staining coarse 
granules measuring about su in diameter, some of which are discrete, 
while others have coalesced into irregular masses. The epithelium of 
the tubules is flattened, but is not degenerated. The Malpighian 
capsules are dilated, but otherwise unaltered. The interstitial tissue, 
which seems to be also distended with fluid, exhibits no cell 
infiltration. No malarial pigment is recognisable. Hardened in 
alcohol. Stained with iron alum haematoxylin. x 120. 


sin. in length by 3in. in breadth and гіп. in thickness; in Case I! 
the enlargement was very nearly as great The cortex could no 


be sharply differentiated from the medulla, so that it was not possible 
to say how far the degree of swelling was greater in the former 4 
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compared with the latter. .\ further characteristic alteration m the 
aspect of the kidney was presented by the medulla, which. was quite 
abnormal, being dark brown almost black in colour, especially at the 
bases of the pyramids. On closer examination it was scen that thi: 
was due to finc brown radiating lines, presenting a somewhat fan-like 


character and readily seen with the naked eye. Fine brownish dots 


could also be recognised, though not so readily, scattered here and 
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Fic. 34. Transverse section of medulla of kidney during suppression of 
urine, eight days after haemoglobinuria had ceased. Blackwater 
Fever, Case 7a. Many of the large collecting tubules, which are 
dilated and exhibit flattening of the epithelial lining, are partly | 
filled with darkly staining granular material. The individual 
granules, which are about sp in diameter, are in some places discrete 
but are more frequently closely packed so as to form irregular masses. 
In some of the tubules also free epithelial cells are seen. The renal * 
epithelium though flattened shows no degenerative changes. ‘The 
interstitial tissue does not exhibit any cell infiltration or other marked 
alteration. No malarial pigment is recognisable. Hardened in 
alcohol. Stained with iron alum haematoxylin. X 130. 
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there throughout the cortex. The above two changes—the enlarge. 
ment of the kidney and the distribution of the dark brown medullary 
striation and cortical stippling—are shown somewhat diagram 
matically in Fig. 61, C. Recent haemorrhages of a punctate 
character were seen in Case za in the mucous membrane of the renal 


pelvis, as well as an ecchymosis about 1 cm. in diameter beneath the 
capsule of the left kidney. 
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Fic. 35. Section of cortex of kidney during suppression of urine, eight 
days after haemoglobinuria had ceased. Blackwater Fever, Case 7a. 
A dilated convoluted tubule is seen in transverse section. The lumen 
of the tubule is partly occupied by irregular masses, composed of 
darkly stained granules. The individual granules, when discrete, 
range from 24 Or 34 to 5u in diameter. То the right some finely 
granular débris is seen. Within the lumen of the tubule are two free 
epithelial cells, the nuclei of which are indistinct. The epithelium 
of the wall of the tubule is flattened, but does not present any 
marked evidence of degeneration. Hardened in alcohol. Stained with 
iron alum haematoxylin. x 1350. 


On making sections of the kidneys in Cases 7a and 11, it was 
found (Figs. 34, 36, 38, 40, 54 and 56)* that many, but not all, of the 


* Figs. 53-60 are opposite p. 131 (Plates 1 and 2). 
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ducts of Bertim, the largest colle: ting tubules, contained dark reddish 
brown granular plugs 40и to 80 in transverse measurement, similar 


to those already described m the urine (Fig. 32), and giving rise to 


the brown radiation, already mentioned, visible to the naked eye 


ou зош 
FiG. 36. Section of medulla of kidney during E of urine, eight 
days after haemoglobinuria had ceased. Blackwater Fever, Case 7a. 
ny 7 


A collecting tubule is shown in transverse section. The lumen of the 
tubule is partly filled with free epithelial cells and irregular masses 
composed of darkly stained granules of varying size, which have for 
the most part coalesced. The size of the individual granules ranges 
from 34 to 5u. Some of the free epithelial cells contained within the 
tubule exhibit a well stained nucleus, the cytoplasm of the cell not 
being markedly altered in appearance; in others the cytoplasm is 
stained more darkly than usual and the nuclei are indistinct. 
Hardened in alcohol. Stained with iron alum haematoxylin, x 11:50. 


in the medulla of the kidney. In places these plugs had been 
detached, sometimes, but not always, together with the epithelial 
lining of the collecting tubule, the basement membrane being then 
bare. In some cases a granular plug, covered externally with 
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epithelium, had been detached at a higher level and was found partly 
filling a duct of Bertin. In the smaller straight tubules similar plugs 
of lesser dimensions, from 304 to 404 in diameter, were frequently 
seen. In the uriniferous tubules (Figs. 33, 35, 37, 39, 53 and 55) 
f 


granular plugs or casts were sometimes present, requently absent. 
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lic. 37. Section of cortex of kidney during suppression of urine, five 
days after haemoglobinuria had ceased, Blackwater Fever, Case 11. 
The renal tubules are generally dilated to a considerable degree, the 
epithelium being in many places correspondingly thinned. In thirteen 
of the tubules dense black material is seen partly filling the lumen. 
In two situations this material is observed to consist of more or less 
discrete granules, while elsewhere the individual granules are 
indistinct. A small amount of flocculent material, with here and 
there a nucleus, can be recognised in some of the tubules, In one 
tubule the epithelium has disappeared from part of the wall of the 
tubule. The renal epithelium does not appear to be degenerated. 
'The interstitial tissue is distended with fluid, but does not exhibit 
any cell infiltration. Тһе blood vessels are not congested. Гем red 
cells are seen. No malarial pigment is recognisable. Hardened in 
alcohol. Stained with iron alum haematoxylin. x 150. 


ri 


[hese plugs, which varied considerably in diameter, ranging from 


304 to бол, gave rise to the brown stippling sometimes seen on a 


cut surface of the cortex of the kidney (Fig. 61). 
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IG. 38. Transverse section of medulla of kidney during suppression ol 
urine, five days after haemoglobinuria had ceased. Blackwater Fever, 
Case 11. About half of the collecting tubules are partly occupied by 
darkly staining material, which in some places appears uniform in 
aspect, but elsewhere when not very dense is seen to be made up ol 
granules of varying size. In addition epithelial cells can be 
recognised in six of the collecting tubules, The collecting tubules are 
more or less distended and their epithelial lining is correspondingly 
thinned. The epithelimn of none of the collecting tubules has been 
shed. The renal epithelium does not exhibit degenerative changes 
The blood capillaries are with very few exceptions empty, no red 
cells being seen. The interstitial tissue is not markedly altered in 
appearance. No malarial pigment is recognisable Hardened in 
alcohol. Stained with iron alum haematoxylin. x rss. 
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lhe renal plugs were seen in sections stained with haematoxyli 
to be very irregular and heterogeneous in aspect, not as a гш 
completely filling the lumen of the tubule. They were in part made 
up of granules, readily taking up the dye so as to be black in colour 
and of irregular masses, measuring, as much as 504 or more across 
formed by the coalescence of the granules. In addition to thes 
granules other elements were often present, namely, detached 
epithelial cells and smaller lightly stained granules, together with 
flocculent matter. 
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FIG. 39. Section of cortex of kidney during suppression of urine, five 
days after haemoglobinuria had ceased. Blackwater Fever, Case 11. 
A dilated renal tubule is seen in transverse section. The lumen of 
the tubule is partly occupied by darkly stained granules, varying in 
diameter from 3u to about su, which have joined together so as to 
form irregular more or less elongated masses. In addition one free 
epithelial cell is seen among the granular masses. The epithelial 
lining of the tubule can be recognised without difficulty, it is thinned, 
especially above. Except for this thinning, the result of dilation of 
the tubule, the epithelium does not seem otherwise altered. Hardened 
in alcohol. Stained with iron alum haematoxylin, x 1300. 
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ҷо. Section of medulla of kidney during suppression ul urine, fi 
days after haemoglobinuria had ceased. Blackwater Fever, Case 11. 
‘Transverse section of a collecting tubule. The lumen of the tubule 
is incompletely filled with epithelial cells and darkly stained granular 
material, the individual granules, which are from зи to su in diameter, 
having coalesced so as to form irregular groups. The nuclei of two 
of the free epithelial cells, contained in the lumen of the tubule 
present a shrunken aspect and do not exhibit a well formed chromatin 
network. The epithelial cells lining the tubule do not exhibit any 
marked change, and the interstitial tissue is free from any indication 
of cell infiltration. Hardened in alcohol. Stained with iron 
alum haematoxylin x 1300. 
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The individual darkly stained granules were usually of large swe, 
measuring 34 to sa in diameter. They were of the same size in the 
cortex as in the medulla, not presenting any increase in size as the 
renal pelvis was approached. A few tubules were met with, both 
in the cortex and in the medulla, containing much smaller granules, 
measuring from 24 to less than 0'54 in diameter (cp. Fig. 37). Thes 
were sometimes very dark, almost black in colour, sometimes less 
deeply stained, occasionally merely lightly tinted. 

Epithelial cells were a common feature of the plugs (Figs. 37 to 
40). They were of large size, with abundant cytoplasm. The 
nucleus was sometimes darkly, sometimes lightly stained, or had 
contracted to form a small darkly stained mass, the chromatin net 
work of which was not well defined. The cytoplasm usually stained 
more deeply with acid dyes than did that of the epithelial cells lining 
the tubule, but was less granular in aspect than the latter. 


The lightly stained débris sometimes seen in the tubules m 
addition to the above elements was in part made up of well-defined 
fine granules, 24 to 54 or less in diameter, and in part of amorphous 
flocculent material Every transition could be observed between 
the former and the darkly stained granules of smaller size described 


E 


above. 


The most striking feature of the material contained in the lume 
of the renal tubules was its multiformity and irregularity, which was 
much greater than that observed in the renal casts seen in the 
urine during experimental haemoglobinuria or during blackwater 
(ites © to 32) 


The unniferous tubules were considerably distended, the lume 
of the convoluted tubules commonly having a diameter of 404 to 50! 
(Figs. 33 to 40), and the epithelial lining affected being correspond 
ingly flattened. The same distension affected also the cavity of th: 
Malpighian capsules (Fig. 33), which occasionally contained lightl 
stained finely granular deposit. Beyond flattening, however, no othe! 
abnormal change was recognisable in the epithelial cells of tit 
kidney. The nuclear staining was unaltered, and cloudy swell 


was not observed. No brown granules were met with in th 
epithelial cells of the uriniferous tubules. 
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In the interstitial tissue of the kidney no cell infiltration or other 
change was present. The blood vessels of the kidney were usually 
empty. No malarial pigment was found in the blood vessels or 


elsewhere. No haemorrhages were seen in the interstitial tissue. of 
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FIG. 41. Section of cortex of kidney, seven days after haemoglobinuria 
had ceased. Blackwater Fever, Case 16. Many of the larger renal 
tubules (mostly convoluted tubules) and some of the smaller contain 
darkly staining material, partially filling the lumen. This material is M 
in part so darkly stained as to look homogeneous, but where less dense | 
it can be recognised to be made up of irregular granules of varying | 
size. The epithelium of the renal tubules, which in this section is 
very faintly stained, does not present any unmistakable evidence of 
degeneration. The interstitial tissue does not exhibit any marked 
increase in amount, nor any cell infiltration. No malarial pigmeut 
can be recognised. Fixed in llemming's solution, Stained with iron | 
alum haematoxylin. x 160. 
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either cortex or medulla, but haemorrhage beneath the capsule , 
one kidney, already referred to, was observed in Case 7a. 

The position and aspects of the renal casts, and the distension 
of the renal tubules and Malpighian capsules are represented 
diagrammatically in Fig. 02A. 
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Fic. 42. Transverse section of medulla of kidney, seven days after haemo- 
globinuria had ceased. Blackwater Fever, Case 16. Many of the 
collecting tubules are in part occupied by darkly staining material, 
usually dense in aspect, but in one of the tubules coarse granules are 
seen. In some of these tubules epithelial cells and débris can also be 
recognised. Some of the collecting tubules are devoid of epithelial 
lining and contain a very small amount of flocculent material, Гош 
of the smaller tubules show hyaline casts, indicated by parallel 
shading. A few blood cells are seen containing red cells dark]; 
stained. The interstitial tissue shows no increase in amount nor is 
any cell infiltration observable. No malarial pigment can be seen 
Hardened in alcohol. Stained with iron alum haematoxylin. x r6o. 


TIQ 


We will now refer to the histological changes presented by the 
kidneys in another attack of blackwater fever (Case 16), in. which 
death occurred seven days after haemoglobinuria had ceased, during 
which period 640 c.cm. (224 oz.) of urine of specific gravity rors were 


passed daily (sec clinical notes, pp. 235 to 239). Although in this case i 
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Fic. 43. Section of cortex of kidney, seven days after haemoglobinuria 

had ceased. Blackwater Fever, Case 16. ‘Transverse section of renal 
tubule, The lumen is occupied by darkly stained large coarse 
granules, зи to su in diameter, similar to those seen in the preceding 
Figures, and also by smaller granules, less darkly stained and about 
ugu in diameter. The section is lightly stained. Fixed in Flemining's 
solution. Stained with iron alum haematoxylin x 1400, 
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is not certain that some degree of suppression of urine occurred, the 
condition of the kidneys offers an interesting comparison with that 
found in Cases za and 11. 

In naked eye appearance the kidneys presented httle change 
beyond slight eulargement. Sections of the kidneys (Figs. 41-44 
and 57-58) were, however, very similar to those of the preceding two 


cases Many of the uriniferous and collecting tubules contained 
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116. 44. Section of medulla of kidney, seven days after haemoglobinuria 
had ceased. Blackwater Fever, Case 16. A large collecting tubule is 
shown in transverse section. In the lumen of the tubule are darkly 
stdined coarse granules, 24 to about su in diameter, and masses 
formed by the coalescence of these granules. Free epithelial cells аге 
also seen within the tubule, among these masses. The cells of the 
epithelial lining of the tubule are partially detached. Fixed in 
Flemming's solution. Stained with iron alum haematoxylin. x 1300. 
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large darkly staining granules and masses composed of groups of 
granules more or less completely fused together. These granules 
iu granular masses were accompanicd by epithelial cells lying frec 
in the lumen of the tubules, and also by a variable amount of lightly 
staining granular and flocculent material. The individual darkly 
staining granules were usually of large size, ranging [roin 34 lo Sp 
in diameter, and in addition collections of darkly staining granules 
of much smaller size, measuring 24 to less than Оси in diameter, 
were frequently met with (Figs. 43 and 57) The ошо of the 
tubules generally contained numerous epithelial cells. Throughout 
the kidneys the epithelial cells lining the tubules were more or less 
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FIG. 45. Section of cortex of kidney during experiment 
Rabbit 7, Table 35. In some of the tubules dark masses coutaining 
granules are seen. The individual granules are small and vary in 
number, being generally somewhat scanty. The renal epithelium is 
healthy and the tubules are not dilated. The interstitial tissue shows 
no change. Ked cells are recognisable in several intertubular 
capillaries and in one Malpighian capsule. Hardened in alcohol, 
Stained with iron alum haematoxylin. x 170, 


al haemoglobinuria. 
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completely detached (Fig. 44). Some of the tubules, in particular 
the large collecting tubules, exhibited no epithelial covering, the 
basement membrane being bare (Fig. 42). Lightly staining material, 
present in the form of granules, 1'54 to o'sg in diameter, and of 
flocculent deposit, is seen in Figs. 43 and 58. The lumen of the 
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Frc. 46. Another section of cortex of kidney during experimental haemo- 

globinuria of Rabbit 7, Table 35. The epithelium is healthy in aspect, 
showing no sign of cloudy swelling or other indication of degeneration. 
The tubules are not recognisably dilated, but casts of granular 
material, stained very darkly, are present in six of the tubules. Casts 
presenting a homogeneous aspect, indicated in the sketch by parallel 
shading, are seen in five tubules. There is no increase of nuclei or 
other change in the interstitial substance of the kidney. A few of the 
blood capillaries contain red cells, stained black. No malarial 
pigment is seen. Fixed in Flemming's solution. Stained with iron 
alum haematoxylin. х 155. 
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tubules was wide, but there was not the marked distension with 
flattening and thinning of the epithelial lining seen in the two 
preceding cases. The interstitial tissue showed no cell infiltration, 
nor was any recognisable increase of connective tissue present. No 
evidence of renal haemorrhage was found, and the blood vessels 
were free from malarial pigment. It will thus be seen that the 
chief points of difference, as regards the condition of the kidneys, 
between this case (16) and the preceding cases (7a and 11), in which 
suppression of urine occurred, are: the absence of distension of the 
renal tubules in degree sufficient to cause flattening and thinning of 
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116. 47. Longitudinal section of medulla of kidney during experimental 
haemoglobinuria. Rabbit 7, Table 35. In four of the large collecting 
tubules granular casts are seen partly occupying the lumen of these 
tubules. The granules are fine, but vary somewhat in size and also 
in number in different situations. In addition some slightly staining 
flocculent material is observable in the tubules, The renal epithelium 
is healthy and the tubules are not dilated. No change is present in the 
interstitial tissue. A few of the blood capillaries contain red cells 
darkly stained. Hardened in alcohol. Stained with iron alum haema- 
toxylin. x 170, 
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the epithelial lining ; the frequency with which small granules, 2 to 
less than О5и in diameter, were met with; and the much greater 
extent to which the renal epithelial cells were loosened and detached 

The condition of the kidneys of the rabbit in experimental 
haemoglobinuria was also studied. In illustration of the changes 
observed, we give sketches of sections made: during haemoglobinuria 
(eighty-five minutes after the injection of dissolved haemoglobin, 
Experiment 7, Table 35), Figs. 45-49 and 59-60; twenty-two hours 
after injection and fourteen hours after cessation of haemoglobinuria 
(Experiment 9, Table 35), Migs. 50-51. 
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Fig. 48. Section of cortex of kidney during experimental haemoglobinuria. 
Rabbit 7, Table 35. A convoluted tubule is shown in longitudinal 
section, containing a granular cast, which does not completely fill the 
lumen of the tubule, the intervening space being occupied by hyaline 
material in which the cast is embedded. At each extremity of the 
cast, and near its centre, the individual granules become distinct and 
have a diameter of ru to 24; elsewhere they are packed together so 
densely that their individual outlines become unrecognisable. The 
cytoplasm of the renal tubules presents a finely granular aspect. 
Below two entire red blood cells and part of three others, stained 
black, are shown. Hardened in alcohol. Stained with iron alum 
haematoxylin. X 1250. 


In each case the naked eye aspect of the kidneys presented n 
obvious change from the normal, the colour of the kidney being 
unaltered, the pyramid natural in appearance, and no brown stippling 
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being recogmsable. On cutting sections of the first kidney (Exper 
ment 7, Table 35), the only change observable was the occasional 
presence, in some of the renal tubules, of granular material having 
the aspect of the casts already deseribed in the urme (Figs. 21-24) 
This appeared to be scattered here and therc in all parts of the 


uriniferous and straight tubules, but was absent from the Malpighian 


capsules. The granules varied in size from 24 to less than Ози; 
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FiG, 49. Section of medulla of kidney during experimental haemoglobin- 
uria. Rabbit 7, Table 35. In longitudina] section a collecting tubule 
is shown, partly occupied by a cast consisting of semi-opaque 
flocculent material containing here and there darkly stained granules 
O'S& to 1ш in diameter. The granules are mostly discrete; in some 
places they are in contact, but they do not appear to have undergone 
fusion, The renal epithelium is healthy in aspect. Hardened in 
alcohol. Stained with iron alum haematoxylin. x 1400. 
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they were brown in colour, in the unstained condition, and did not 
appear to increase in size as the pelvis of the kidney was approached, 
They stained readily, but were more easily decolourised than th 
larger granules seen in the kidneys in Cases 7a and II. The cast 


varied in denseness, and the hyaline material which formed then 
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Fic. so. Section of cortex of kidney fourteen hours after experimental 
haemoglobinuria. Rabbit 9, Table 35. The section shows portions of 
three Malpighian bodies and a number of tubules, chiefly convoluted 
tubules, all of which are normal in aspect, the epithelium being 
unaltered. Three of the smaller tubules show casts of hyalin 
inaterial, but по darkly-staining granules are to be seen in any of the 
tubules. Noneofthetubules are dilated Fixed in l'lemming's solution 
Stained with iron alum haematoxylin, X 155. 


basis contained sometimes few, sometimes numerous granules. Mos 
of the casts were surrounded by hyaline material (Figs. 48 and 49 
The lumen of some of the cortical tubules was filled with hyalu 
material which resembled haemoglobin, inasmuch as it readily took 
up acid dyes (Figs. 45 and 46) No change was seen in the blood 
vessels. The renal epithelium was perfectly normal in aspect. 


The condition of the kidneys during experimental haem 


globinuria is represented diagrammatically in Figs. 61B and 02B 


Similar renal plugs were observed in cattle and dogs during red 
water due to piroplasmosis (Fig. 52 

[he kidneys of the rabbit fourteen hours after the cessation 
of haemoglobinuria were, however, in all respects normal, ni granular 


material being present in the tubules (Pigs. 50 and 51). 
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l'1G. 51 Longitudinal section of medulla of kidney fourteen hours atte: 
experimental haemoglobinuria, Rabbit 9, Table 35. Three collecting 
tubules are seen, also several small tubules. The epithelium 
everywhere healthy in aspect. A small amount of deposit is seen nn 
the lumen of some of the tubules, but no darkly-staining material. 
‘here is no dilatation of the tubules, aud the interstitial tissue is 
normal in aspect Fixed in Flemming'« solution. Stained with iron 

ium haematoxvlin. ye 


In the experiments upon rabbits, already described ‘Tables 35 
37), in which haemoglobinuria was produced by the intravenous 
injection of dissolved haemoglobin, an increased flow of urine 
occurred. Up to the present we have not obtained suppression of 
urine after injection. It will be, however, of interest to refer at this 
point to a group of experiments carried out by different observers 


in which haemoglobinuria has been followed by anuria. In these 


experiments haemoglobinuria was produced by the injection of a 
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haemolytic serum (Ponfick,” Joannoviezt) of a solution of potassium 
chlorate (Marchand, Lebedeff$) of glycerin (Lebedeff Afanas 
siewll), of iodine (Lebedeff Alanassiewll), of pyrogallic acid (Afanas 
siewll), and of toluylendiamin (Afanassiewll). By all these agent 
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lic. 524. Section of cortex of kidney of bull during redwate: due to 
piroplasmosis. In three of the convoluted tubules casts with coarse 
irregular granules, darkly stained, are seen partly filling the lumen о! 
the tubules. The epithelium is not degenerated and the tubules ar 
not dilated, No alteration of the interstitial tissue is recognisable 
Fixed in Flemming’s solution, Stained with iron alum haematoxylin 
X 170. 


*Experimentalle Beitráge zur Lehre von der Transfusion, Virchow's Arch 
15756913002 E РЕ 

TExperimentelle Untersuchungen (über Ikterns, Zeitschr. f. Heilkunde, 1901 
] 2o S2. 

t Uber die Intoxication durch chlorsaure Salze, Virch. Arch., 1879, Bd. 77, 
S. 455. 

§Zur Kenntniss der feineren Veránderungeu der Nieren bei [lanroglobinaus 
scheidung, Virch. Arch., 1883, B. 91, S. 267. 

|| Über die pathologisch-anatomischen Veränderungen in den Nieren und in 
der Leber bei einigen mit THimoglobinurie oder Ikterus verbundenen Vergiftungen 
Virch. Arch., 1884, B. 98, S. 460. 
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haemoglobinuria may be obtained and sometimes anuria also. In the 
latter case the kidneys and spleen lave been found enlarged, and the 
former has shown dark medullary stration and brown cortical 
stippling, while the urmiferous tubules have contained plugs of dark 


brown granular material, the condition being similar to that already 


e 


l'iG. 61 Diagrammatic representation of the condition of the kidney in 
health (A), during experimental haemoglobinuria of rabbit (B), and 


im suppression of urine following upon blackwater fever (C). mn B 
sinall casts are. present in some of the uriniferous and collecting 
tubules; in € large casts are present in many of the uriniferous and 
collecting tubules. In the latter considerable enlargement of the 


kidney is also observed. lor the sake of comparison B is represented 
as tri-papillary instead of being uni-papillary, as in the rabbit. 
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described as occurring in suppression of urine in blackwater fever 
The condition of the animals, however, differed in several importa 
particulars from that obtaining in blackwater fever, for, m additi 
to the profound toxic effect produced by the agents employed, mark 


changes in the appearance of the red blood cells such as have n 
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1С. 62 Diagrammatic representation of the condition of the glomerula 
capsule, uriniferous tubule and collecting tubule in health (C), during 
experimental haemoglobinuria of rabbit (B), and in suppression ol 
urine following upon blackwater fever (A). In B fine granules, in A 
coarse granules and masses are present in the renal tubules, whi h 
in A are also dilated, 


Anns. Trop Med and Parasitology, Plate Г. 
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been observed m blackwater fever, in. particular fraiinentation of the 
red cells, were present, and ni the Sidiess epithielial degeneration wai 
frequently observed. Салмону, iu comeequenee ob. the eom 
plexity of. these expermments, m which, to use û mathiematte a] 
expression, several variables occur together, it is difficalt te be qute 
sure of the relation of the pathological conditions present to the 
haemoglobinuria and anuria, or to be certain of the identity of thi 
anuria oo produced with that occurring m blackwater fever, m spite 
of the similarity of the aspect of the kidneys im the two cases To 
ascertain. the mechanism of production of the haemoglobiiuna and 
anuria m such ivestigations U is essential to experinent as far as 
possible with a single pathological condition at а time. The 
experiments m question, however, if not as Матта as could be 
desired, are very suggestive and of considcrahle interest, 

From the foregoing description of the condition of the kidneys 
m suppression of urme in blackwater fever, the mechanism of this 
process becomes at once. quite clear. The suppression is not а 
functional state, but is a purely mechanical process due to blocking 
of the collecting tubules by plugs composed of densely packed dark 
reddish granules, identical with the casts observed in the urme during 


suppression (Cases za and 11, Fig. 32), and passing by every transition 
into the casts ordinarily found during blackwater not attended with 
suppression, the difference between the two lying m the large size 
of the grannles and greater firmness of the casts in the former as 
compared with the latter, and also in. the firm adhesion to the 
epithelial hning of the tubules in the former case. 

The effect of the plugging is seen m the distension of the 
urmiferous tubules and Malpighian capsules leading to the consider 
able general enlargement of the kidney observed at death | bigs, G1 
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DESCRIPTION OF ILLUSTRATIONS 


hic. 53. Section of cortex. of kidney during suppres 103 ol миле, ер 


days after haemoglobinuria had ceased. Blackwater lever, Case та 
A convoluled tubule is showu across obliquely. “he men of the 
tabule, which is dilated, conlains numerous darkly мал! ma es 
measina ya to 25и across, consisting of pranutes, 26 lo би an 
diameter cxihibiting vwieymy degrees of coalescence ‘The renal 
epithelium is nol markedly changed. No free ерип Ма cells га 


seen imn the lumen of the tubule Hardened p alcohol чаш | 
with iron. idem haematoxylin ке 
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Fic. 54. Section of medulla of kidney during suppression of urine, eight 
days after haemoglobinuria had ceased. Blackwater Fever, Case 7a. 
A collecting tubule is shown in transverse section, in the lumen of 
which are seen darkly stained, two large irregular masses, and several 
smaller collections of granules. The individual granules measure 
from 24 to 4m in diameter. lour free epithelial cells are also 
present in the lumen of the tubule. The cytoplasm of the latter is 
more homogeneous in aspect than that of the epithelial wall of the 
tubule, which is unchanged in appearance. TIlardened in alcoho] 
Stained with iron alum haematoxylin. х 850. 


116. 55. Section of cortex of kidney during suppression of mine, five 
days after haemoglobinuria had ceased. Blackwater Fever, Case 11. 
Ап ascending limb of Henle's loop is seen in transverse section. 
The lumen of the tubule contains darkly stained masses, composed 
of partially coalesced granules, the smallest of which are about 2y in 
diameter. In addition three free renal cells are seen in the tubule. 
To the right is a portion of a convoluted tubule, and below and t 
the left a blood vessel. ‘The renal epithelium is very granular in 
aspect. Hardened in alcohol. Stained with iron alum haematoxylin. 
x 850. 

Fic. 56. Section of medulla of kidney during suppression of urine, lie 
days after haemoglobinuria had ceased. Blackwater Fever, Case 11. 
A large collecting tubule is shown in transverse section, containing 
darkly stained granules ти to 34 in diameter, arranged in groups of 
varying size, and accompanied by lightly stained flocculent and 
finely granular material. The epithelial wall of the tubule is unaltered 
in aspect, as is also the interstitial tissue. Hardened in alcohol. 
Stained with iron alum haematoxylin. х 850. 


FIG. 57. Section of cortex of kidney, seven days after haemoglobinuria 
had ceased. Blackwater lever, Case 16. А renal tubule, probably 
an ascending limb of Henle’s Joop, is shown cut across transversely, 
The wall of the tubule, which retains its epithelial lining, is faintly 
stained so that its outlines are indistinct. In the lumen of the tubule 
are numerous darkly stained granules, varying in size from less than 
14 to about ҷи in diameter, in part arranged in groups. In addition 
a large amount of lightly tinted granular material is also recognisable. 
Fixed in Flemming's solution. Stained with iron alum haematoxylin, 
X 850. 

| hic. 58. Section of medulla of kidney, seven days after haemoglobinuria 
had ceased. Blackwater Fever, Case 16. A collecting tubule, lightly 
stained, is seen in transverse section. The lumen of the tubule is 
filled with darkly stained granules, mostly arranged in groups. The 
individual granules measure ти to 3u in diameter. The epithelial 
lining of the tubule is partially detached. Unlike the preceding 
section, there is very little unstained débris contained within the 


lumen of the tubule. Hardened in alcohol. Stained with iron alum 
haematoxylin. х 850. 


с. 59. Section of cortex of kidney during experimental haemoglobinuria 
Rabbit 7, Table 35. A renal tubule is shown, containing granules 
o'sa to ıu in diameter, which occupy a relatively small portion of 
the lumen of the tubule. These granules are darkly stained, but 
slightly less so than is represented in the Figure. No other débris 
is present in the tubule. The epithelial lining of the tubule wall is 
well defined, some of the divisions between the individual epithelial 
cells being recognisable. Hardened in alcohol. Stained with iron 
alum haematoxylin. x S5o. 


Fic. бо. Section of medulla of kidney during experimental 
haemoglobinuria. Rabbit 7, Table 35. A collecting tubule is shown 
cut across longitudinally. The lumen of the tubule is for the most 
part occupied by lightly staining floccnlent material containing a few 
very fine darkly stained granules the diameter of the largest of which 
does not exceed osu. The epithelial lining of the tubule is normal 
in aspect. [Hardened in alcohol. Stained with iron alum 
haematoxylin. x 85o. 


[he enquiry, which has some bearing. upon the prophylaxis of 
suppression, presents itself; is it necessary, in order that this 
plugging may occur, that the flow of urine should be diminished? 
Obviously if the flow were very rapid the tendency to accumulation 
of granular material in the tubules would be diminished, and with it 
also the tendency to blocking. The question turns largely upon 
whether the granular material which is present becomes denser 
through the absorption of water by the epithelium of the tubules. If 
this occurs the formation of dense plugs is evidently partly 
conditioned by the relation subsisting between the rate of flow of 
glomerular fluid on the one hand and the rate of removal of water 
from the lumen of the tubules on the other hand. If the latter is 
sufficiently rapid no retardation of the former may be required in 


order that plugging may take place. 


In view of the mechanical blocking of the kidneys in suppression 
of urine in blackwatet fever, it is astonishing that this process should 
still be attributed to a purely functional disturbance, a nervous reflex 
or vasomotor inhibition of secretion of urine, a view which is now 
chiefly of historical interest. By A. Plehn a nervous inhibition of 
glomerular secretion is regarded as the primary and essential factor 
in this condition. 

Another point of interest in connection with suppression of urine 
in blackwater fever is the enquiry whether, when once suppression las 
been established, the plugs may yet be dislodged and the flow of urine 
re-established. As a matter of fact such cases occur: four cases are 
referred to by Werner,t in which after two or more days anuria secre 
tion of urine was re-established. In Cases 7a and 11 (pp. 195 and 217) 


it has already been mentioned that dislodged plugs were constantly 


~i Atiologie und Pathogenese des Schwarawasserfiebers, Virch. vech., 1993 
В. 174, 5. sog. On page 519: "das plötzliche Stocken der Urinsekretion stellt 
aufangs vielleicht ebenfalls cinen rein functioneller Vorgang dar. und es folyt 


CSL sekundar die mechanische Verlegung dei Harnkanalchen durcli 
Coaguiieren der Eiweissüberladenen  llussigkeit." J. de Maan. Di iere! 
beim Schwarzwasserfieber, -\rch. f. Schiffs- und Tropenhygieue, íoos, H. 0. №. 22 
explains suppression as in part due to mechanical obstruction by renal plugs, 1 


part duc to low glomerular pressure in consequence of which the pressure of thi 
urine is insufficient to drive out the plugs (pp. 30-31). Our observauons 
experimental haemoglobinnria do not afford апу evidence of the occurrence of 
clotting in the tubules; on the contrary the constituents of the blood which lead 
to clotting do not pass through the kidney, haemoglobin alone being. eliminated 
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present m the scanty пле passed during the period. of suppression, 
We may, therefore, surmise that temporary, and it may be also рага 
plugging is in reality a not unfrequent occurrence in blackwater [eve 
and produces for a time a partial or even complete arrest of the floy 
of urine from a few or from the majority of the renal tubules, such 
obstruction afterwards passing away, the plugs becoming dislodged 
by the pressure of urine behind. This condition may be suspect 
whenever the granular casts found m the urme are large and very firm 
It is well known that the amount of urine passed when haemo. 
elobinuria makes its appearance may be scanty. This is illustrate 
by the following cases, coming under our observation, in which thi 
quantity of urine secreted during the first twenty-four hours 
haemoglobinuria was 248 ccm. m Case 2; 344 ccm. in Case 
170 c.cm. in Case ба (next day 85 ccm); 530 с.ст. in Case 10; and 
боо c.cm. in Case rs. So marked a reduction as occurs in the first 
four cases can only be attributed to renal blocking. 

The fluid passing into the bladder during suppression obviously 
consists in part of uriue. This is shown by the circumstance that the 
suppression exhibits in different cases varying degrees of incomplete 
ness, indicating that the blocking of the renal passages 1 
correspondingly incomplete, as is further illustrated by the occasional 
re-establishment of the flow of urine after suppression of several days 
duration. Jt does not, however, follow that the whole of the flux 
passing into the bladder during suppression is urine. The coagulable 
proteid contained in the urine, which was considerable in amount in 
Cases 7a and 11, varying from } column to 2 column, may enter the 
renal passages as a result of damage to the renal cpithelut 
consequent upon plugging of the collecting tubules, but a certu! 
amount probably comes also from portions of the tubules in whid 
plugs carrying renal epithelium (Figs. 27, 31 and 32) have become 
detached and have been discharged into the renal pelvis, so that the 
basement membrane of the tubules has become exposed. In sud 
cases the lymph contained in the tissue spaces of the kidney woul 
dram into the tubules and mix with the urine. Our investigatio! 
unfortunately, came to an end just as the study of this problem w 
commenced. It is desirable that further information should b 


obtained as to the nature of the proteids present, as well as tl 


amount of urea and other nitrogenous substances in the urine (шщ 
suppression. 


SUMMARY 


i... During experimental haemoglobinuria dependent upon haemo 
elobinaemia, as also in iaemoglobinuria. of blackwater fever, 
‘ ula I 11 S : netim Cry OLE metimes rm 
and dense, often tammo degenerated пис lerived from the 
cCpiıthchum ol thi hat tubules, were met witl 1 the urine (1 кер 
31 

Durin ppression in blacl {( ( ( j [ШТ 
the in ( itauned \ idrgec [un i east tl сеп l 
p mul en uncecl e ern ll: pithel n derived fi th 
duct і Bertini, in whi formed (1 

3. The amber-coloured urine passed during suppression contained 
Ai ror nount | coagula )k pr Leid The ате exci шоп ol 
uri Dass cl lul 17 nine cl VS I ju] Dress | \\ 11 11‹ Mi "zl 
20 c.cm., in anoth« ( I) О 1 

Suppression of urme | Diackwater eve | mechani 
origin, due 1 L bloching of the renal tubuk 
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V. THE MECHANISM OF PRODUCTION OF BLACKWATER, 


The condition of the urine and blood plasma in respect of dissolved 
haemoglobin in blackwater fever has been studied in Section 3. In 
tle same section also, the relation between haemoglobinaemia and 
haemoglobinuria has been determined experimentally in rabbit: 
while the condition of the urine and of the kidneys in suppression d 
urine m blackwater fever has been described in Section 4. The 
problem now remaining to be considered is whether the mechams 
of production of blackwater is identical w ith the process induce 
experimentally in rabbits. 3efore the consideration of this рош 
can be entered upon it will be necessary to make further referenc 
to the condition of the haemoglobin in the urine in blackwater [ev 
and in particular to the presence of red cells in the urine, to alluc 
again to the changes undergone by haemoglobin in the urine, and | 
describe the mcthods adopted for the estimation in urine of haem 


globin, both when unchanged and when altered by the action of urin 


TABLE 43. Characters of the urine in blackwater fever, in respect of brown coloration, 
unchanged haemoglobin in solution, and red blood cells, 


Estimation of 


No. of Colour Ifaemoglobin in Red blood cell haemoglobin 
Case solution (maximum amount 
I Porter coloured Present Present 
2 Chocolate Absent 
coloured 
3 Porter coloured Present E Do (lig. I 
4 Dark red = - 
5 Claret red Present - — 
6 Porter coloured — Present 
6a Brown Absent + 0:8 0, 
7 | Porter coloured " Absent TAE 
7a d Present \bsent at first, appeared roo ONE gem 
afterwards 
8 ^ A Present 02 96 (Fig. 12 
9 4 —- — E 
IO 5 Present Absent at first, appeared 2:6 9 (Fig. 1 
afterwards 
11 н Р 4 2:6 9 (Fig. ti 
12 Dark red S Absent 272% (LIE: Û 
з | (Red) — = = 
14 Porter coloured Present Absent 770% Fig. 1 
тда " š I'$ g5 (Fig 17 
IS к j 38 55 (Fig. 1$ 
16 М ; »8 94 (Fig. 1 


17 T Т Present 3.5 OF (Fig, 2 


In lable 43 the condition of the urine m re spect of haemoglobin 


s X zi А 7 

is given in all except three (4. 9, 13) of the сахёѕ of blackwater [сус 
5 z 1 

coming under our observation. Il will be seen (Column 3) that 


thirteen out of sixteen cases hac moglobin was present m solution, 
in the fonn of oxyhaemoglobin, in amouuts л туп from 02 per сеш, 
to 38 per cent, while in addition a further amount of h iemoglobin 
was changed into the brown substance, exhil Ming no bands in the 
solar spectrum, already referred to D. 51), which gives rise to thre 
porter-colour of the urine. The total amount of dissolved haenio 
globin passing into the urine consists of these two fractions, which 
are determined by the methods given below, Although in three cases 
(2, ба, 7) haemoglobin in solution could not be recognised by spectro 
scopic examination of the brown or porter-coloured urine passed, 
nevertheless dissolved haemoglobin was in all probability originally 
present, but had been broken up by the action of the nrin cp. Tall 
25, p. 53); in Case 2 the urine was retained for several hours before 
being voided, and micro-organisms were present in the bladder (se 
clinical notes, p. 178); in Case 6a the percentage of haemoglobin in 
the urine was o:8 per cent ; and in Case 7 the percentage of haemo- 
globin present was also very small, and the urine had stood for some 
time before being examined. In a subsequent attack (7a) the last 
patient passed urine containing dissolved h. aemoglobin. 

When the urinary deposit obtained after centrifugalisation was 
examined (Column 4, Table 43), red blood cells were found to be 
present in ten out of sixteen attacks, but in three of these (7a, 10, r1 
red cells were at first absent from the urine and made their appearance 
subsequently (clinical notes, PP- 195, 207 and 217). As a rule the red 
cells were not present in large numbers, They were in fact usually 
much less numerous than the casts, but an exception occurred in 
Case 2, in which they were pre sent in very considerable numbers, so 
as to form at the bottom of the urine glass a browuish red de posil 
visible to the naked eye. In this case there were a number of 
decolourised red cells and also red cell stromata. The red cells were 
Sometunes crenated, but beyond this and the partial decolouration 
Just referred to they did not present any other abnormal appearance 

In order to estimate haemoglobin in urine, the following three 


methods were employed; the first. two being employed for the 


estimation of unaltered dissolved haemoglobin, and the third for the 
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estimation of both unaltered haemoglobin and also Пасо 
which had been broken up by the action of the urine. 

Моло 1. The ипле was centrifugalised and the supernat; 
liquid diluted with a measured volume of distilled water until | 
percentage of haemoglobin as judged hy the naked eye was al 
DIS ner cent Phe diluted urine was then put into the half cell 
von Fleischl’s haemoglobinometer. 16 the dilution was found un 
able a fresh dilution was made until a concentration was олай 
which could be easily matched The haemoglobinometer scak 
previously standardised by means of solutions containing Ки 
percentages by volume of healthy human red cells ; this haviu 
done, the percentage of haemoglobin in the diluted urine could be 
once determined from the scale numbers 

In many cases no difficulty was found in making a determinal 
of haemoglobin by this method. Difficulty arose, however, whent 
haemoglobin had been largely converted into the brown subst 
already referred to, a cliange which is likely to occur when the uri 
has been retained in the bladder for a long time before Бете pas 
or after being voided, has been allowed to stand for some time bel 


examination, This change is of course relatively more marked 


urines containing small, than in urines containing large, percent 


of haemoglobin. Another source of difficulty in matching the col 
of the diluted urine with that of the tinted glass of the haemoglohi 
meter occurs when dissolved haemoglobin is discharged їп 
amount into nrine which is itself of a dark brownish amber col 
as not unfrequently happens in malarial patients. Matching 
becomes difficult when the urine in the bladder contains bacten 
occurred in Case 2, the turbidity thus caused not being comple 
removable by centrifugalisation. When from any of these caus 
beconies impossible to employ the above described method [or ! 
estimation of dissolved hacmoglobin, recourse may be had to! 
next method. 

Method 2. The urine was diluted, if necessary, with a kn 


volume of distilled water until, in a column one to two centimei 


This rough comparison may be made by putting the centrifugalised urine int 
tube, filling another test-tube with a 0:15 per cent. solution of haemoglobin and con 
the two, the former being further diluted or a lesser dilution prepared, as may be nece 
With a little practice, however, iL becomes possible to obtain the required dilution 
suflicient approximation by the naked eye without comparison. 
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lugh, the oxyhaemoglobin bands lying between the solar Ies D and 
h were separate and of suitable depth of shade. By the aid of a 
һаешосг a solution of haemoglobin, containing O72 per cent hy 
volume of healthy human red cells, was next prepared. .\ glass cell 
one or two centimetres high was then filled with this solution, while 
the diluted urine was placed in a second cell, the h ight of which 
could be varied. The haemoglobin bands of the second cell were 
then, by varying the height of the column employed, made to mateh 
those of the first, for which purpose a Zeiss Comparison spectroscope 
was employed. 

By this method it is possible to estimate percentages of haemo 
globin in cases in which colouring matter is present in the urme in 


amount sufficent to render hacmoglobinometer determination difficult 


or intpossiblc Thus method may, of course, be used when tlic 
preceding method is also available. The results obtained by the two 
methods correspond closely. The first method is тоге rapidly carried 


out, and 15, thercfore, when ay ailable, preferable to the second. 
Method 3. The estimation was made by boiling the solution of 
haemoglobin. Ten ecm. of the centrifugalised urine, which did not as 
a rule require filtering, were rendered fairly acid with acetic acid, 
boiled and after cooling transferred to a graduated centrifugal tube. 
Centrifugalisation was continued until the bulk of the precipitate 
became constant. Its volume was then measured Previously by 
means of the haemocrit, a number of specimens of urine (with the 
addition of s per cent. to 25 per cent. of water) were prepared 
containing known percentages, by volume, of healthy red blood cells 
(n the moist condition), which were subsequently laked. To these 
solutions an cqual volume of urine was added, and the solutions 
rendered very slightly acid with acctic acid and then boiled. The 
bulk of the centrifugalised precipitates was next determined as above 
described, and from this a table constructed, which permitted the 
precipitates obtained in haemoglobinuria to be expressed in 
percentage form. As this method depends upon the precipitation 
of globulin, and is not affected to any considerable extent by the 
change undergone by haemoglobin m the urine, it may therefore be 
employed to determine with fair approximation the total amount of 
haemoglobin originally present im the urine. Ihe method is, 


however, only: approximate, since the volume of the precipitate varies 
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somewhat wath different specimens of urine, and 1s also alfected | 
the rate of ceutrifugalisation employed. Table 44 gives the aver; 


bulk of precipitate obtained with varying percentages of dissol 


haemoglobin in slightly diluted urine. By graduating the centrifu; 
tube employed in percentages of wet red cells, instead of in e 
centimetres, the former could be read off directly and all calculat 
avoided. It was found that when an equivalent amount of oxalat 
blood plasma was added (the red cells require to be separated fr 
the blood plasma for convenience in laking) so that (dissol 
haemoglobin and blood plasma were present in their natural relat 
the bulk of precipitate obtained was increased by 20 per cent. t 
OE «ыд 


Tane 442 Bulk of precipitate obtained on boiling то ccm. of slightly acid uring in 
varying percentages of dissolved haemoglobin. 


Percentage of haemoglobin contained in urine Bulk (after centrifagalisation) of prc 
of sp. gr. 17014 diluted with с, to 25%, obtained upon boiling after. previ 
of water. slight acidification with acetic acid. 
fi se) ioo c.cm. 
S 2:28 ccm. 
Өлү) 1" ccm. 
RADI 1°36 с.ст. 
АЛ ы “yl ест. 
rotg осп 
Ci ae 23 с.с. 
pa 11 c.cm. 


By one or the other of these methods the percentage and to 
amounts of haemoglobin given m Tables 43 and 45 were determi 

ln ten attacks of blackwater fever the total amount of laen 
globin passed into the urine was estimated (Table 45) and was tow 
to be represented by between about 1°5 gm. (Case 7) aud 758 
(Case 14) of wet red cells. In the cases given in Table 45 it will 
observed that there is a general correspondence between | 
percentage aud the total amount of haemoglobin, the higher | 
former the higher the latter. This relation, in the light oft 
experinents made upon rabbits, given in Table 35, would appear! 
be merely a coincidence. lt will be noted that in the two cases 


which suppression of urine occurred (7a and 11) the total amount 


haemoglobin appearing im the urine, equivalent to 9 g. of wet 


[1 


cells in Case 7a and 22 g. in Case 11, was not so high as in Cases 14 
and 17, not of unusual severity, in which the total amounts of haemo 
globin were equivalent to 75 g. and 32 


e. of wet red cells rcspectively 


TABLE 43... Amount of haemoglobin passing into the urine in blackwater fever. 


No. of Case. Haemoglobin present in urine during attack, expressed in terms 
of equivalent weight of wet red cells. 


3 g. 
7 USE 
7 ii 98 

I 3 g. 

11 EJ be 

14 75 &- 

pu 208 

IZ 19 g. 

E 6-5 g. 

17 27 £. 


The presence of red cells in the urine in blackwater fever suggests 
the inquiry whether the hacmoglobinuria of blackwater fever may not 
bc really dependent upon renal haemorrhage. In the “earlier 
descriptions of cases of blackwater fever the condition of the urine 
was often described by using the term haematuria, the condition of 
haemoglobinuria not having at that time become differentiated from 
that of haematuria. | Subscquent writers recognised that the condi- 
tion present in blackwater fever was hacmoglobinuria, and, so far as 
we know, no recent writcr has described haematuria as a sequence of 
the administration of quinine in malarial subjects. In the haenio- 
globinuria produced by the administration of potassium chlorate or 
othcr poisonous substances, or by the injection of a hacmolytic serum 
(see p. 128), the presence of red blood cells in the urinc, in addition 
to dissolved haemoglobin, is recorded, but in our experiments on 
rabbits this did not occur. The possibility of blackwater being 
primarily due to renal haemorrhage was impressed upon us in 
particular by Case 2 (pp. 178 to 181), m which the red cells were very 
numerous, while the urine, after centrifugalisation, although porter- 
coloured, did not cxhibit oxyhaemoglebin bands on spectroscopic 
cxamination. If renal haemorrhage really occurred m blackwater 


fever, the red blood cells escaping into the urinary passages would 


necessarily become laked in all cases in which the specific gravity of 


t Je 


the urine was roo4 or less, for in urine of or below this specif 
gravity laking occurs almost immediately when red cells arc add 
If the urine is of the specific gravity гооо to 1-008, laking occur 
more or less slowness, and in urine whose specific gravity is r01 
upwards, laking does not occur to any considerable extent. If r 
haemorrhage were the cause of the haemoglobinuria of blackwa 
fever the site of the haemorrhage would necessarily be the glome 
of the kidneys, for only here could the blood 1eadily find its way i 
the urine, while on the other hand marked interstitial haemorrh 
would be ordinarily readily discoverable post-mortem, which is 1 
the case. Furthermore, if renal haemorrhage were the cause of 
haemoglobinuria of blackwater fever, then the haemoglobina 
observable in this condition would be a secondary consequence of 
renal haemorrhage, and would be explicable only on the assumpt 
that some of the dissolved hacmoglobin was taken up by the r 
epithelium and passed on into the blood strcam. 

On the other hand, the experiments made upon rabbits (Table 3 
in which the effect of simple haemoglobinaemia, produced with t 
animals own haemoglobin, was studied, taken in conjunction Y 
the circumstance that haemoglobinaemia is present during 
haemoglobinuria of blackwater fever, suggests very strongly th 
this affection the primary condition is hacmoglobinaemia. 

lt remains to be considered, therefore, how far thesc 
alternative hypotheses, namely, primary glomerular haemorrhage 
primary haemoglobinacimia, are capable of accounting for | 
pheuomena of blackwater fever, and, if possible, to decide which 
the two is concerned in giving origin to blackwater. 

The extent to which the theory of a primary haemoglobina 
is in harmony with the various facts already ascertained respec! 
blackwater fever will be fust considered, and then the remain 
hypothesis will be criticised in the same manner, Owing fo 
importanee of this enquiry, it will be dealt with at some length. 

1. From the experiments made on rabbits (Table 36) 1 
evident that a primary haemoglobinaemia reaching to as mudi 
0'95 per cent. of haemoglobin, such as occurs in blackwater fe 
would be attended with the appearance of haemoglobin in tlic 


Our results do not enable us to say how large the пах 


percentage of haemoglobin in the blood plasma in blackwater ! 


) 
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may he It is probable, judging from the rapidity with which 
haemoglobin disappears from the cirenlating blood in the rabbit, that 
our observations, which were of necessity few im number, represent 
less than the maximum percentage Nor аге our observations 
sufficiently numerous to enable us to state the duration of the 
haemoglobin, but the observations available in Table 33 and Figs. 13, 
18 and 20, suggest that in blackwater fever the discharge of 
haemoglobin into the blood plasma is a slow process, and thc 
duration of the haemoglobinaemia is therefore much longer than in 
the experimental haemoglobinaemia of Table 35. The amount of 
haemoglobin passing into solution in the blood plasma cannot be 
determined. lt would not be possible to make even an approximate 
caleulation of this amount in blackwater fever until the eurve 
representing the degree of haemoglobinuria from beginning to end of 
the blackwater had been ascertained and the rate at which 
disappearanee of haemoglobin from the living body took place 
determined. It is, however, easily possible to obtain a figure 
representing the minimum amount of haemoglobin passing into the 
blood stream. For example, in an individual whose blood measured 
4500 ccm. and contained 45 per cent. of red cells апа 55 per cent. of 
plasma, if the blood plasma were found on examination during 
blackwater fever to contain as much haemoglobin as would be present 
in 1 per eent. of its volume of red blood cells in the moist condition, 
then the total amount of haemoglobin discharged into the blood 
plasma would be not less than that contaimed in 2475 х OUT = 24775 
ecm. of the patient's red cells, or 45 ccm. of his blood prior to the on- 
set of hacmoglobinaemia. The amount actually passing into solution 
in his blood plasma would be greater than this, for, on the one hand, 
a single observation of his blood plasma would mot reveal the 
maximum pereentape of haemoglobin, and, on the other hand, the 
whole of the haemoglobin would not be discharged into the blood 
plasma in the course of a few minutes, as in the experiments recorded 
in Table 35. Since m the observations recorded in Table 50 the 
duration of individual attacks of haemoglobinuria ranged from four 
hours or less to four days, the amount of blood ¿destruction would 
appear to represent a considerable portion of the total amount. of 
blood present, and would be sufficient to aeeount both for the watery 


condition of the blood generally observed when the finger 1s pricked, 


H 
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and also for the marked anaemia which usually attends blackwater 
fever. 

2. The hypothesis of a primary haemoglobinaemia^ is jy 
harmony with another characteristic phenomenon of blackwater 
fever, namely, the appearance of granular casts in the urine. Th 
experimental work on rabbits shows that haemoglobinaemia is 
necessarily attended with the formation sof these casts. The exac 
mode in which the granular material is formed remains in both cases 
undetermined. The experiments made by different observers as ty 
the site of elimination of haemoglobin are stil regarded a 
indecisive.t It is uncertain whether dissolved haemoglobin is 
eliminated by the glomerular or the tubular epithehum: in the forme: 
case the granules, which contain iron and are evidently derived fron 
haemoglobin, would be deposited or precipitated in the urine in tle 
tubules and would increase in number, perhaps also im size, as the 
renal pelvis was approached ; in the second case the granules wouli 
presumably be formed in the renal epithelium and would then b 
discharged into the renal tubules, without any subsequent increase i 
size, though they would become more closely packed if water wer 
removed from the lumen of the tubules by the action of the reni 
epithelium. Our observations on Cases 7a, 11 and 16 (Figs. 33-44 
and 53-58) do not enable us to assert that any increase in the size! 
the granules takes place as the collecting tubules are approached. i 
the latter, coarse masses of stainable material were encountered moi 
often than definite granules. Possibly some change in the sol 
material contained within the tubules occurred during the tm 
elapsing between the cessation of haemoglobinuria and death. ү 
the kidney of the rabbit, in experimental haemoglobinuti 
(Figs. 45-51 and 509-60), no unmistakable increase in size of th 
granules could be recognised as the collecting tubes were approache 
but only a more dense packing of the granules was observable 
Several authors have, however, described an increase in size of the 


* By this it is not meant to imply that laking necessarily occurs in the periphe 
circulating blood. What is meant is a haemoglobinaemia not secondary to m 
haemorrhage. 


+ Ponfick, Experimentelle Beitráge zur Lehre von der Transfusion, Virch. Aicb., 18 
B. 62, S. 273 (cp. Plate), concluded that dissolved haemoglobin was eliminated by ther 
glomeruli and red cell fragments by the epithelinm of the renal tubules. Marchand, # 
Kenntniss der feineren Veränderungen der Nieren bei Hámoglobinausscheidung, Vit: 


Arch., 1883. B. 91, S. 267, who describes a diapedesis of red cells, also adopts this view 
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granules towards Ше distal tubules, both in blackwater lever and in 
haemoglobinuria due to potassium chlorate and other haemolytic 
agents. In these cases it may be questioned if the small and large 
granules in the proximal and distal portions of the renal tubules 
respectively are of contemporary origin. If the earlier granules, 
which as secretion of urine proceeds pass along the uriniferous 
tubules towards the collecting tubules, are large, and those formed 
later, when haemoglobinuria is passing off, are small, then the iatter, 
by remaining in the upper portions of the tubules, might suggest an 
apparent increase in size of the granules as they descended towards 
the renal pelvis. 

The presence of epithelial nuclei in the granular casts contained 
in the renal tubules, and later voided in the urine, supports the 
hypothesis that haemoglobin is eliminated by the tubular epithelium, 
which would appear sometimes to suffer a certain amount of 
degeneration in the process. 

In Case 7a (Figs. 29 and 32) the individual granules were of 
exceptionally large size. Granules nearly as large, but much less 
densely packed together, were sometimes met with in rabbits during 
experimental haemoglobinuria (Figs. 22 and 23) Obviously sup- 
pression would be most likely to occur when the granules were of 
large size and numerous, especially if at the saine time the amount 
of water in the urine were diminished m amount as this fluid passed 


along the uriniferous tubules. 


3. The occurrence of a primary haemoglobinaemia would equally 
well account for the relapses occurring in blackwater fever as for the 
original attack (cp. Case 10, Table 50). In reference to this, it may 
be observed that the relapses of short duration, such as occurred in 
Case 10, are paralleled by the haemoglobinurias of short duration 
induced experimentally (cp. Exp. 10, Table 35, Fig. 9.) 

4. On the other hand the presence of red blood cells in the urine 
in blackwater fever does not stand in any direct relation to haemo- 
globimaemia. Putting aside Case 2, which will be referred to 
separately later, the appearance of red cells appears to be due to the 
separation from the basement. membrane of the epithelial cells of the 
uriniferous tubules which is observable in cases of suppression and 
which is indicated by the presence of epithelial casts ш the urine in 


NN 
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uon-lalal cases of blackwater fever, Wien geanular cast. ar 
detached with separation of epithelium (lig. 32) the possibility ol, 
few red cells passing from the blood capillaries adjacent to th 
exposed basement membrane is always present and presu nall 
accounts for their occasional presence in small numbers in blach wat 
WENTE 

5. ln the experiments on rabbits recorded in Table 35 ú w 
observed that the blood plasma after haemoglobinaemia and heı 


n 


globinuria had passed off, was darker in colour lan befi 


experiment, though not so dark as in blackwater fever. Neverthel 
yellowness of the sclerolics was not observed m experimen 
haemoglobinuria in rabbits. It would appear, however, that th 
orange or brownish muber-colour of the blood plasma was m b 

cases of similar origin, namely, due to the destruction of haeuioclobi 
with the production of a brownish substance, which reman 

solution, Just as occurs when haemoglobin is broken up m а test tul 
under the action of hydrochloric acid. or of шошо biliydroclilond 

б. The hypothesis of a primary haeinoglobinaenuia:— impli 
preceding laking of red blood. cells. So far, however, the sit 
which thas йи олау occur has not heen determined (ep. pp. i 
lo 100), 

7. Llacmoglobinaenua is, as such, unattended by pyrex 
general constitutional disturbance. The source of these must the 
fore be sought in the cause of the haemoglobiiaeuna. 

Turning now to the consideration of the other hypothesis, that 
a primary renal haemorrhage the following points require to be tak 
into consideration. 

I. At the onset we are met with a serious difheulty. HI 
haemoglobinuria of blackwater fever were due to glomeruli 
haemorrhage, the blood escaping being usually, we will suppose, lili 


al once owing to the low specific gravity of the urme leavmy 


I 


glomeruli, then to account for this haemoglobinaemna we must assu 
that the dissolved haemoglobin so formed in the glomerular cay 
iS subsequently m part absorbed by the epithelium of the алли 
tubules and then finds its way into the blood plasma. 1n such a 
the amount of dissolved haemoglobin passing into the blood plasm 


would sometimes be greater than that passing iuto the urime, fo! 


Case ju (р. 105), for example, the blood plasma which contam 


i ly, 


ор per cent. ob dissolved: haemoglobin мен receive more 

probably considerably more than 11 g of haemoglobin, while thi 
nene contained about 9 g. ol haemoglobin, Ht is difficult to assmne 
that in such cases so large an absorption. of dissolved. hacmoglobin 
hy the renal epithelium could take place, when it is borne momnd 
that їп experimental hacmoglobmaemia (Fable 35, Maps. 2 to 9) the 
stream of haemoglobin is strongly m the opposite direction, even 
when the percentage of dissolved haemoglobin is considerable m the 
lumen of the uciniferous tubules and is relatively slight in the blood 
plasma, is im lexp. 10, Ше 35 (ag. g) This difficulty appears te 
he an insuperable one. It must, moreover, be remembered that il 
hiaemoglobinaemia were established as a result. of glomerula 
haemorrhage an additional production of haemoglobnmria would 
thereby result, as ain experimental haemoplobinaemia, so that m 
such a case (he elimination ol dissolved Пастор by the kidney 


would be a double process. 


2 The production of granular casts nuder this hypothesis would 
Fall into the first of the two possible methods referred to on p. арр, 
that is to say that we may assmne that the praunles would be 
precipitated as the urine contaming dissolved haemoglobin passed 
along the urmilerous tubules. Another explanation might, however, 
he offered, namely that the red blood cells escaping from the 
glomeruli were imperfectly laked and that the granules. represented 
red cell débris still remaining. This powt ıs scarcely меу ol 
serious consideration, Û may be observed that the granules seen 
im the urmary deposit (Pie 32) and їп the sections of the kidney 
(Ings. 33 30 and 53:4) in Case 7a, and also sometimes in the urmary 
deposit iı experimental haemovlobinaemia (Figs, 22, 23) reach as 
much as 54 in diameter and then present a considerable resemblance 
to red blood cells. They differ Tron: the latter in their darker colour 
and smaller size and the absence of the typical Torm of red cells, 
though the latter might perhaps be attributed to the cireumstance 
that these granules are densely packed together, Nevertheless we 
(link the last two points and the fact that every transition ocenrs 
between the granules seen in Fig. 32 and the smallest granules seen 


m Wigs. 22, 20 and 31, negative the view that the granules in Fig. 32 


# II is assumed that the patient's blood plasma measured 1500 c.c, * 


L |Š 


represent altered red cells. Another difficulty atises when the 
attempt is made to explain suppression of urine on thc hypothesis oj 
glomerular haemorrhage. Here it bccomes neccessary to assume 
that the glomerular haemorrhage is general throughout the kidney, 
for otherwise a certain number of uriniferous tubules would remain 
to carry on the work of the kidney. It is easy to imagine tha 
malarial parasites may be present in the glomeruli and damage th 
capillary wall thus leading to haemorrhage, but the necessity of sup- 
posing that this is general throughout the glomeruli of both kidneys 
and does not occur elsewhere in the blood vessels of the kidneys (for 
as is pointed out below, intcrstitial haemorrhage is not met with 
seems to be a fatal objection to the hypothesis in qucstion. lt ma) 
be observed in passing that а high percentage, namely гі per cent 
to 277 per cent. of haemoglobin in the urine was observed in Cases } 
and 11 in which suppression occurred, but examination of the urim 
voided at intervals of scveral hours does not afford a comprchensive 
idea of what is taking place in the kidney. This will be made clea 
at once if the varying amounts of urine collected from the bladder a 
short intervals in Rabbit 10, Table 35 (Fig. 9, p. 84), are considered 


It is obvious that only when the urine is collected continuously, anc 


its haemoglobin content determincd at short intervals, can a cle 
idea of the limits of the variation of the rate of elimination of haem 
globin be obtained. 

3. As [ar as the occurrence of relapses is concerned 


hypothesis of a glomerular haemorrhage being the source ol 

haemoglobinuria of blackwater fever must be equally applicable to th 
relapses and the original attack. This hypothesis if applicable to th 
original attack should be sufficient to explain also relapses ol sligh 


extent, such as those sccn in Case 10 (Table 50). 


4. The appearance of red blood cells in the urine would 
expected as an occasional, if not a frequent, event in glomerula: 
haemorrhage. It might be expected that partially decolourised re 
cells and red cell stromata would be often met with, and that x 
cells which were perfectly healthy in aspect would be unusual. li 
most of the cases (Table 43) in which red cells were found in the 


urine in blackwater fever, the majority of these cells were normal m 


aspect. . 


149 


<. Glomerular haemorrhage would account for the anaemia, 
sallowness, апа watery condition of the blood observed in blackwater 
fever. 

6. Considerable difficulty is, however, experienced when an 
attempt is made to reconcile the theory of glomerular haemc rrhage 
with the pathological conditions observed in the kidney alter death 
Lesions in the glomeruli would be expected, and oci sionally 
haemorrhage into the glomerular cavities extending along the urin 
iferous tubules, while sometimes blood would find its way in 
considerable quantities into the urine. Moreover, if we suppose the 
haemorrhage to be due to malarial parasites in the blood capillaries, 
these parasites would scarcely be likely to be confned to the 
glomeruli, but would be present in the blood vesscls of the kidneys 
elsewhere and would cause interstitial as well as glomerular 
haemorrhage. Now the kidneys have been so far free from these 
pathological conditions. In fact the changes in the kidneys are 
exceedingly slight and are practically confined to the presence of 
eranular material in the tubules. Other changes, such as clegenera 
tion of the renal epithelium are inconstant, and when present should 
be regarded as complications of blackwater fever or of malaria, and 
not as essential factors in the production of haemoglobinuria. It may 
be remarked that superficial haemorrhages were found beneath the 
capsule of the kidney and m the mucuous membrane of the renal 
pelvis of Case га, but these were evidently of very recent date and 
must have occurred after the disappearance of the haemoglobinuria. 
This case cannot therefore be regarded as in any way supporting the 
hypothesis of glomerular haemorrhage. Case 2 (p. 178) which appears 
at first sight to give some support to this hypothesis also fails to do so, 
when examined more critically. As already mentioned red blood cells 
were present in the urine in considerable numbers m this case, so as 
to form, on standing, a layer visible to the naked eye. [t was found, 
however, that the red cells were accompanied by a number 
of pus cells, there being one pus cell to about eight red cells, 
while the urine, which was neutral in reaction to litmus paper also 
contained bacilli when voided. When haemoglobin had disappeared 
from the urine it was found that pus cells and bacilli still remained, 
and the previous history left no doubt that both had been present 
before the attack of blackwater fever. It is clear, therefore, that in 
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this case ıt could not he asserted that the red blood cells came ‘On 
the kidneys, but it is more probable, since cystitis was present, that 


the red cells came from the situation in which pus cells were 


discharged. he difficulty of reconciling the hypothesis of elomerul; 
haemorrhage with the pathological findings is so great that from thi 


standpoint alone this hypothesis must be disregarded. 


7. As regards pyrexia and associated constitutional disturbane 
both hypotheses stand on the same level. The symptom of haem 
globinuria, whichever hypothesis is adopted te explain its causation 
does not in itself necessarily imply | accompanying constitution; 
disturbance. 

The conclusion. which follows from the above discussion is tha 
the hypothesis of haemoglobinuria in blackwater fever be ing due 1 
primary glomerular haemorrhage is untenable; because this theory 
1) would not account for the haemoglobinaemia which accompanies 
blackwater, (2) nor would it furnish a satisfac tory explanation of the 
mechanism of suppression of urine, while (ihe الت‎ (ole harmony with 
the pathological findings in cases of blackwater fever in which deat] 
has occurred on the day of appearance of haemoglobinuria. On the 
other hand the hypothesis of a primary haemoglobinaemia furnishes 
a satisfactory explanation not only of the pathological findings, but 
also of the main symptoms of blackwater fever, namely the appearance 
of haemoglobinuria and of granular casts in the urine, which the 
experiments on rabbits, recorded in Table 35, prove to be a necessa 
consequence of haemoglobinaemia in such degrees as were observ 
in blackwater fever cases (Table 34, p. 75). In the hght of all thes 
facts it may, therefore, be confidently asserted that the haemoglobin 
uria of blackwater fever is dependent primarily upon haemoglobin- 
aemia and is not due to renal haemorrhage. The site of the laking 
of red cells, causing haemoglobinaemia, remains to be ascertained 
The mechanism of the rise of temperature and accompanying 
symptoms is also left unexplained. The former problem will now h 
considered ; the latter is not capable of elucidation in the presen 
state of our knowledge. 

Concerning the site in which laking takes place, there are a limited 


number of data available. Such laking may occur in the blood ш the 


peripheral circulation or in internal organs. 


Ian 


Now it is well known that malarial parasites may be found in red 


blood cells before the onset of, and during, blackwater, and it 1s 


stated by Stephens’ 
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None found 
Very scant 
None found 


None found 
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that, either on the first day of blackwater or on 


Lehman's stain. 


Very scanty 
None fuund 


None found 


Very scanty 
None found 


None found 


cle Blackwater fever, 
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the day preceding the attack, malarial parasites have been show; 
to be present in the majority of cases, that is in 62 per cent. to 06 pe 
cent. of the attacks investigated, but it is also well known that the 
actual percentage of red cells, which can be observed to be affected 
is frequently very smal. If, however, the haemoglobinaemia m 
with in blackwater fever were due to the haemolysis of red cell 
affected with malarial parasites, present in the peripheral blood, the 
the affected red cells would be in such numbers as to be easl 
recognised. For example, a condition of haemoglobinaemia ш whid 
the blood plasma contained r per cent. of dissolved haemoglobin (ср 
Obs. 38, Table 34, for example) would necessitate a minimum affecti 
of one red cell in every hundred, while if this degree of haemoglobin 
aemia were prolonged for several hours the proportion of red cel 
affected would be considerably greater. In the cases of blackwat 
fever coming under our observation (Table 46) parasites? were foun 
in the peripheral blood on the day before the appearance of bladi 
water in one or two cases; on the first day of blackwater in i 
one out of nineteen observations (ten attacks) ; and in no observat 
made during blackwater fever at a later date. Observations of th 
kind are, however, inconclusive (and the same objection applies ! 
spleen smears about to be described), for the condition observe 
cannot safely be assumed to represent that present at the onset of th 
attack. What is required, in investigating the situation in whi 
laking may occur, is a quantitative examination of the distribution 
malarial parasites in the red cells made just before haemoglobi 
acmia commences. In those attacks in which haemoglobinuria is U 
direct sequence of a single dose of quinine the time at which haemo 
globinaemia commences can be determined. It 1s, however, only! 
exceptional cases that observations are likely to be made at tl 
time, since in the majority of attacks the first indication of blackwat 
fever is the condition of the urine. lt follows, therefore, that Û 
data necessary to determine the relation of blackwater fever 
malarial parasites contained in the peripheral blood will be obtam 
with considerable slowness. Until these data are obtained it w 
not be possible to make any definite statement as to the dependen 
of blackwater upon haemolysis, in the peripheral blood, of red c 


About five thousand ved cells were examined in each hlm. 
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containing malarial parasites. On one occasion (Case 2, Table 40) 
it happened that an examination of the blood was made within two 
hours of the establishment of haemoglobinuria and one hour before 
the administration of quinine. In this case no parasites could be 
recognised after careful search. It can be asserted, therefore, that in 
this case haemoglobinuria was not dependent upon the haemolysis, 
in the peripheral blood, of red cells containing malarial parasites. 
It 15 not, however, permissible to draw a general conclusion, applicable 
to all cases of blackwater fever, from this single instance. 1n passing 
it may be observed that the assumption, which 15 frequently encoun 
tered m the literature of blackwater fever, that considerable (that 1s 
to say, up to 20 per cent. or more) destruction of red cells occurs in 
the peripheral blood during an attack of blackwater fever, an 
assumption based upon red cell counts per cubic millimetre made 
before and after the attack, has not yet been estabhshed, because 
the total volume of the blood has not been determimed in these cases 
and the influence of any accompanying variation in the volume of 
blood plasma thereby determined, nor has the high degree of haemo 
elobinaemia which would be expected to result from such extensive 
red cell destruction been met with in our observations. It may be 
added that in the blood films referred to in Table 46, made during 
and immediately before haemoglobinuria, the red cells were natural 
in aspect, no partially decolourised cells or stromata being seen. 

If, instead of the peripheral blood, the blood in internal organs is 
considered, data of two kinds are available, the one relating to the 
enlargement of the spleen in blackwater fever, the other relating to 
the presence of malarial pigment or, less frequently, malarial parasites 
in the blood vessels of internal organs. Splenic enlargement is a 
common feature in attacks of blackwater fever. In the twenty attacks 
comme under our notice the condition of the spleen is given in Table 
47. This organ was found not to be appreciably enlarged in one 
case (7) in which the attack of blackwater fever was slight, though 
two months later its lower border projected one and a quarter inches 
below the costal margin ; in four attacks the condition of the spleen 
was not recorded (Ga, 13, I4a, 15), but in two of these eases it was 
observed to be enlarged two months earlier. (ба, 142); in the 
remaining fifteen attacks the spleen was enlarged, slightly in four 


attacks and markedly, that is to say projecting one to four inches 


15 | 


below the costal margin, im the remaining eleven attacks. ле 


was severe in those attacks in which the enlargement of the spl 


wis greatest; in those im which the enlargement was эйр 


| 


appreciahle (7, 12) 2909890) the attack may be described 


except m Case po AJ]: 235), ii Which death occurred seven 


the haemoglobinuria had ceased. 


14а 


10 


Tame 47. Condition of spleen in blichwaler fever. 


Spleen 


Lower border projects 1} in. below costal margin. 


к "a 1l in, ^" S 
зі. E " 
quem P: АН 
бї. 7 


nku g d and palpable. 


wo months later) condition could not be satisfactorily determine 


Not appreciably enlarged, 
1 


‘Two months later) lower border projects 1] in. below costal margm 


Enlarged and easily palpable. 

Lower border projects q in. below costal margin. 
E: " 1l in. 

Enlarged and easily palpable. 

Slightly enlarged, just. palpable 

Not examined. 

Just palpable. 

“Three and a half months later) condition not recorded. 

Condition not recorded. 

Slightly enlarged. 

just palpable. 
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The parenchyma of the spleen was examined by means «if spl 
2 | 


puncture in six attacks (Table 48). 
carried out. The patient should be instructed to take a mud 


inspiration and then hold Ins breath. 


This observation is rea 


A needle, abont one millim 


in diameter, attached to a glass syringe, is then passed quid 


through the abdominal wall into the substance of the enlarged spk 


The piston of the syringe is then drawn out a 


which the barrel is detached, and the needle at 


l'rom the small amount of parenchyma in the 


short distance, all 


once withdra 


ponit of {he need 


films are then prepared, and stained by Leishinan's method. ! 


should be (акеп not ta change the direction of the needle at any t 


during this procedure. 


out in about five seconds. 


After a little practice puncture can be сап 


Two of the smears obtained in Tabl 


were made during пастор та (Obs | and sh and he rectum 
four cies и! the clase ol haemoglobinuria oy Ux Dx Уус | Ws latc 
[n all cases the results were the same lips (т аР No malarial 


parasites were found, nor was malarial pigment observed. The red 
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cells were normal ın aspect. lhe only change recognisable wa 


phagocytosis of red cells on the part of the mononuclear leucocytes 
This condition, to which attention was directed by Christophers aud 


Bentley, was found to be slight in degree, the number of lencocytes 


* Nolte on the plagoeytosis of red blood corpi tes m the spleen of rase of 
Blackwater Fever, ийди Medical Gazelte, тоо, p. St; Blacl water Fever, cientifi 
Memoirs by Officers af the Medical and Scientilii Dept hue ol the Covermme it 
of (milia, No. 3s, Simla, таҹ, p. 54 
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lig. 64 Spleen smear, Blackwater levet, Case 11 Маце (wo ila 
(essation ol haemoglobinnria (succeeded by suppression of wi 
the left a large mononuclear cell with abundant cytoplasm и 
are contamed three fragments of red cells retaining thet havi 
hve lymphocytes are seen, as well as numerous free red cell 
night a mononnelear cell with abundant ¢yloplasn, in уйин | 
a single red cell lragment, the haemoglobin ol which is pu 


still further do the night a lymphocyte, around азе ied 
l. eishiñnan' s stain. 
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Ihe presence of malanal pigment in the blood vessels ol the 


organs, usually the kidneys, bas been described by several author 


In the three cases in which we bad an opportuinty ol 
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By way of suming np the above observations, it riy du 
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thet there are not at 


present миси clita to 


ulu lı 
where laking of red cells, causing haenmeglobinaeuna aud thus leading 


ta haemoglobionria, bakes place ai blackwater levet 


big. 006 Spleen smear, Blackwater lever, Case ry. Made dui 
globinaenia. Vo the left three mononuclear cells, one of wh 
abundant cytoplasm of a reticular character, 
decolonrised red cell: around are red cells, single or adh 
groups, То the right is seen a large mononuclear lencocyte su 
by red cells; in the cytoplasm of the former is seen towards the 
red cell retaining. its haemoglobin, immediately adjoining the 
on the left is a vacuole, the contents of which are stained sligh 
representing apparently the remains of au ingested red cell; in ad 
there are present in the cytoplasm numerous colourless 
varying size, usually with clear contents, 


containing a 


Y act 
Leishinan’s stant 
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tig. 07. Spleen smear, Blackwater Fever, Case 15. Made durnng ha 


ilobinuria. lo the left ts seen a mononuclear. Iymphocste 
cytoplasm of which 15 a red cell which retains its haemoglobii 
surrounded by a clear space; above and to the right ai 
masses, То the right are seen three nuclei, one of which has abn 
cytoplasm, in which is contained a red cell whose hae0roploli 
preserved unchanged; numerous free red cells are seen arom 
Leishman's stain. X 1,000. 


m | =, 
hig. OS. Spleen simicar, Blackwater Fever, Сало 16. Made toward end of 
haemoglobinuria, Vo the left is a топот dear cell with abnndant 


evtoplasm, in which aie three red cells with unchanged haemoglobin, 
two being in contact aud the third separate, five vacnoles are seen m 
the cytoplasm; to the left are free red cells. To the right is a small 
mononuclear cell with scanty cytoplasm, containing a red cell, the 


haemoglobin of which is preserved unchanged Leishman's stain 
X мн, 


lic, 


l nl Г ll 
ө Spleen swear, Мапа. To the left a large mononnelear cell 
with abundant cytoplasm contaimmng a red cell with unaltered haemo- 
globin; aronnd are three lymphocytes and unmerons ted cells, To the 
right are seen three nuclei, the cytoplasm of which has coalesced to 
form a single mass in which are two ted cells, one of which (to the 
right) retains its haemoglobin, while the other, contained in a vacuole, 
is partly decolonrised ; around are nnmerons red cells; mostly 


groups; below and to the left is a Ivmphocvte,  Leishman’s 
x 1,000, 
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Ругехта and associated symptoms, consisting of rigor, sweaty 


los: OL арр tite, vomit ng, malaise З heaclac hx , Стар» 111 the J 
m the back, cardiac weakness, collapse, pam on micturition, and | 
anaemia, were met with in varying degree in the cases coming un 
our observation, as the clinical records show (pp. 170 to 256). Gener 


there was severe constitutional disturbance, especially at the onset 


[mc i | ] |] 


Qu SO 
hic. so. Blood smear of calf with piroplasmosis. A mononuclear 1] l 
shown, in the cytoplasm of which is a partly decolourised red cel 
together with numerous small vacuoles. Five free red cells are see 
Leishman's stain. х 1,000 


haemoglobinuria, but subsequently, when haemoglobinuria had с 


these symptoms gradually subsided. — Iu sixteen out of the tw 

observations recorded in Table 49 it will be noted that the attack 
blackwater was ushered in by a rise of temperature usually reach 
103" F. to 105° F. and commencing with a rigor. The ѕутріот 


during the attack, regarded apart from the hacmoglobinuria, w 


ne 


similar to those of malaria. I pon recovery morc or less wea 
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anaemia and loss of flesh still remained. 
A striking feature of the attacks was that in sixteen of the (мел 


attacks investigated the onset was preceded for several days by m 


š 


or less marked general disturbance. This lasted in fourtcen atta 
from one to seven days, and in two attacks ten and twenty-one dai 
respectively, as will be seen on reference to Table 4g. T 
preliminary illness was regarded as malarial, but in only one сё 
(Case 3) were malarial parasites found before the onset of haem 


globinuria (they were sought for on the day before the ouset 


Cases 2 and 3). 
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One of the patients suffering from blackwater fever (Case 5 
denied that he had ever had malaria; he had, however, an enlarged 
spleen, the lower borde: of which projected about one inch below the 
costal margin. With this exception ill the patients coming. nnder 
observation with blackwater fever had in the past suffered from 
repeated malarial attacks (Table 49, Col. 2) Although the diagnosis 
appeared to have been in all cases purely clinical, there is no reason 
to doubt its accuracy (cp. Table 47). 

[n attempting to interpret the significance of the preliminary 
illness above referred to we are met with the difficulty that it 1s 
unfortunately impossible in the present state of our knowledge to 
identify malarial pyrexia, and thus to distinguish in all cases this form 
of pyrexia [rom non-malarial pyrexia occurring in malarial subjects 
The difficulty is connected with our ignorance of the mechanism of 
production of malarial pyrexia. In the same way we have no means 
of ascertaining if the pyrexia of blackwater fever is itself of malarial 
origin or not. It is equally impossible in the present state of our 
kuowledge to determine the significance of the association existing 
between blackwater fever and malaria. 

In all cases of blackwater fever coming under our observation 
quinne was taken prior to the attack, which it directly preceded 
(Table 50, p. 247). The relation between the two was usually quite 
distinct, as for example in Cases 1, 2, 6, aud 14а. The interdependene 
of the two is not, however, a simple one, for m all but five cases 
(1, 4, б, 11 and 14) quinine had been administered for one or more 
days before the appearance of blackwater, but without effect as far 
as the production of blackwater was concerned. In Case za (p. 105) 
the administration of quinine was observed by the patient to be 
followed, some days before the attack of blackwater, by a suclden rise 
of temperature attended with constitutional symptoms closely 
resembling those accompanying a previous attack of blackwater fever, 
though no haemoglobinuria made its appearance. lt will be noted 
also that in Ave cases (4, 8, 10, 12, 14а, Table $0) it was deemed 
advisable to give quinine shortly after the disappearance of black 
water. In two of these cases (12 and 14a) no relapse occurred, In 
two other cases (4 and 8) shght relapses occurred, which did not bear 
any defunte relation to the time of adnunistration of quinine. 1и 


the remaining case (10) a remarkable series of slight relapses occurred, 
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at first in the absence of quinine, and then still continuing when, after 
a few days, the administration of quinine was recommenced, without, 
however, presenting any definite relation to the time of administration 
of quinine. In this case the administration of quinine did not appear 
to call forth the relapses, nor did any marked improvement occur 
during the period when quinine was discontinued. 

lt has already been pointed ont that a possible explanation of the 
occurrence of haemoglobinuria after quinine in malarial subjects may 
be the destruction of the red cells, which, as already shown, are 
capable of taking up quinine from solution (Table 21, p. 41), by the 
double action of the malarial parasite and quinine, but that it is 
doubtful if the number of parasites in the red cells of the peripheral 
blood is large enough to admit of the assumption that the haemo 
globin passing into solution in the blood plasma is derived from the 
haemolysis of these affected red cells, while we are without data 
pointing conclusively to the occurrence of haemolysis in the spleen 
or elsewhere. It must, however, be observed that we are not on safe 
ground in assuming that because quinine is effective in producing 
blackwater in malarial subjects it would fail to do so in non-malarial 
patients. Such an assumption is vitiated by the fact that the 
administration of quinine in large doses is in general use only in 
the treatment of malaria. In no other disease is the administration 
of this drug an habitual and generally recognised mode of treatment. 
Moreover, on the relatively few occasions on which quinine % 
administered in other diseases it is usually given iu much smaller 
doses (} gr. to 2 gr). Whether haemoglobinuria would occasionall 
occur if quinine were employed generally in pyrexial affections im 
doses similar to those employed in malaria, is purely a matter ol 
conjecture. 

The above remark is prompted by a point of resemblance between 
many cases of blackwater fever and the haemoglobinuric attacks 
produced by haemolytic serum, potassium chlorate and other drugs 
(р. 128). In the latter cases haemoglobinuria is induced in an animal 
which has for some time previously been suffering from more or les 
severe constitutional disturbance. Frequently this is also precisely 
the condition in which blackwater fever patients exist at or for some 


days before, the date of appearance of haemoglobinuria. In ead 
case there are present two factors: more or less severe constitutional 
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disturbance, and a toxic agent. Another point of resemblanee lies 
in the circumstance that in both cases blood destruction (changes in 
the red cells may be obtrusive after the administration of potassium 
chlorate) has been occurring previous to the appearanee of haemo- 
globinuria resulting m more or less severe anaemia. In both cases 
an increased blood destruction occurs as soon as haemoglobinuria 
makes its appearance. It is, however, uncertain whether the blood 
destruction in these cases is attended with discharge of haemoglobin 
into the blood plasma, destruction or removal of haemoglobin (cp. 
Exp. to, Table 35) occurring so rapidly that the degree of haemo- 
globinaemia. is insufficient to lead to haemoglobinuria, or whether the 
destruction takes place without any such liberation of haemoglobin 
into the blood plasma. In the first case the difference between the 
first process and the haemoglobinaemia of blackwater fever would be 
only one of degree ; in the latter case the difference between the two 
processes would be a qualitative one. In the former case quinine, 
potassium chlorate, etc, would act merely by accelerating the rate of 
discharge of haemoglobin into the blood plasma; in the latter case 
by inducing a new proeess. lt is of interest to refer in this connection 
to the cireumstance that malaria alone may cause blackwater fever. 
Twenty-four such cases are deseribed by A. Plehn.* 


SUMMARY 


1. In the urime in blackwater fever red cells may be found during 
haemoglobinuria, usually in very sinall numbers. 

2. In blackwater fever the haemoglobinuria which occurs is the 

sult of an accompanying haemoglobinaemia. 

3. Suffcient data are not available to determine the situation in 
which laking of red cells leading to haemoglobinaemia occurs in 
blackwater fever. 

ADDITIONAL NOTE 

Redwafter in piroplasmosis. Haemoglobinuria in the dog, due to 
piroplasma canis, is similar in its mechanism of production to that of 
blackwater in the-human subject, that is to say, the haemoglobinuria 
is attended with and dependent upon haemoglobinaemia. A series of 
data obtained in experimental piroplasmosis of dogs will shor th be 
ready for publication. 


© Ätiologie und Pathogenese des Schwarzwasserfiebers, Virch. Arch., о Jae Hoi 
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VI. THE CONDITION OF THE KIDNEYS IN 
BLACKWATER FEVER. 


The coudition of the kidneys during the haemoglobinuria of black. 
water fever is of necessity a matter of inference, for a simpl 
uncomplicated attack is not in itself fatal. When death takes place 
during blackwater fever, this is due to somc complication, such as 
hyperpyrexia (Case 13), suppression of urine (Cases 7a and 11), o 
severe constitutional disturbance ending in cardiac failure (Case 16), 
and it may happen that haemoglobinuria has ceased some time before 
death. In these cases it is necessary to attempt to separate such 
pathological conditions as are purcly representative of the haemo- 
elcbinuria from secondary or associated pathological conditious. The 
post-mortem appearance of the kidneys of animals in which exper. 
mental haemoglobinuria, together with severe blood changes, had 


been produced has already been referred to on p. 128, and our ow 


experiments of a similar but simpler character, unattended with 
general constitutional disturbance, have been described on pp. 124-137 
(figs. 45-51 and 59-60) It will therefore not be necessary to refer 
further to the appearances presented by the kidneys in these experi 
mental conditions, but reference must be made to the results of post. 
mortem cxamination in cases of blackwater fever, omitting, however, 
any additional description of the kidney changes in suppression of 
urine following upon blackwater fever (pp. 107-124; figs. 33-40 and 
53-56). 

In 1882 Kiener and Kelsch* in an article on ‘ Néphrite 
paludéenne, observed in Algeria, described as an early stage of thi 
disease ‘ congestion hématurique ou hémoglobinurique,’ in which the 
urine contained sometimes dissolved haemoglobin together with brown 1 
granular casts and débris, in addition to hyaline casts, leucocytes and 


E 
red cells, sometimes only red cells, but no dissolved haemoglobin 
On section of the kidneys similar casts were found in the uriniferous | 

f 


tubules (loc. cit., p. 285-0; also Plate VI, figs. 8-14). The condition i 
question would now be called blackwater fever. Further investiga: | 
tions on the histology of the kidneys in blackwater fever were mad | 


* Les alterations paludéennes des reins, Arch. der Physiologie, 1882, Т. 4 
р. 278. 
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by Stieda* (1893), Marchiafava and Bignanut (1901), А. Plehn 
(1903), De Наапў (1905), and Werner“ (1907). In some of the cases 
recorded, in which death took place on the day on which haemo- 
clobinuria first appeared, it is possible if not probable that the 
condition of the kidneys would have led to suppression of urine if life 
had been prolonged. The changes to be considered may be grouped 
under four heads: the presence of granular material in the lumen of 
the renal tubules; degenerative and other changes in the renal 
epitlielium ; fluid distension of the renal tubules; interstitial changes. 
The first condition was always present in more or less marked degree. 
The state of the renal epithelium is not described alike by all 
observers, some finding the epithelium quite normal, others meeting 
with cloudy swelling, coagulation necrosis or fatty degeneration, or 
again the epithelial cells were found loaded with coloured granules. 
Distension of the renal tubules was usually absent ; Wernerl| describes 
four cases (Cases 4 and 5 and to less extent Cases 2 and 6) in which 
this condition was present, but these are not improbably cases in 
which suppression of urine would have been observed if the patients 
had survived. Interstitial changes (presence of epithelioid cells and 
leucocytes) were rarely met with. 

In any attempt to apply the above observations to the elucidation 
of the enquiry, what is the condition of the kidneys in blackwater 
fever during simple haemoglobinuria, it is necessary to distinguish 
between the changes in the kidney which are necessarily present and 
those which when present are to be regarded as secondary or 
additional pathological changes. We are on safe ground when we 
infer, from the condition of the urine during blackwater and from 
post-mortem observations in blackwater fever and in experimental 
cases, that granular material is present in the renal tubules during 
haemoglobinuria whether dependent upon blackwater fever or 
produced experimentally. If haemoglobin is eliminated, not by the 


* Einige histologische Befunde bei tropischer Malaria, Centralbl. f. a. [ГАШ 
u. p. Anat., 1898, В. 4, S. 321. 

+ Malarial haemoglobinuria, Twentieth Century Practice of Medicine, London, 
1900, Vol. 19, p. 483. 

+ Die Nieren beim Schwarzwasserfieber, Arch. f. Schiffs- und Tropenhygiene, 
1903, Bd. 7. S. 270. 

8 Die Nieren beim Schwarzwasserfieber, Ibidem, 1905, Bd. 9, S. 2 

"I Uber die Nieren beim Schwarzwasserfieber, lbidem, t907, Bd. (r, S. s. 
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glomerulus but by the epithelium of the renal tubule, it 1s possible that 
this epithelium may necessarily contain during haemoglobinuria brown 
granules of hacmoglobin as observed by Marchiafava and Bignami 
(cp. also Marchandt and Afanassiew?). This is, however, on the whole 
improbable ; such an appearance seems to have been rarely met with, 
and was not observed in our experimental cases. In all probability 
the presence of granular material in the lumen of the renal tubules 
is the sole change recognisable to the naked eye, which the kidney 
presents during hacmoglobinuria. As regards the degenerative 
changes occasionally observed in the renal epithelium after death, 
the circumstance that the urme ordinarily becomes quite normal aíte 
the attack of blackwater has ended, no trace of coagulable protem 
remaining in the urine after haemoglobin has disappeared, shows that 
as far as mere haemoglobinuria is concerned the renal epithelium is 
unaffected, the elimination of haemoglobin being effected by healthy 
cpithelium as occurs in the rabbit during experimental haemo. 
globinuria (Figs. 44-51 and 59-60). No parenchymatous change of the 
epithelium necessarily attends the appearance of haemoglobinuria, 
nor does the constitutional disturbance accompanying blackwater 
fever seem to be usually accompanied with any secondary affection 
of the renal epithelium. Whether the granular material in the renal 
tubules ordinarily causes some obstruction to the flow of urine is 
uncertain. No diminution, but an increased flow occurred in the 
experiments on rabbits detailed in Table 35. In blackwater fever 
patients, however, a diminished flow of urine may be observed not 
unfrequently during haemoglobinuria (cp. p. 134), The circumstance 
that interstitial changes are usually absent after death from black 
water fever may be regarded as negativing the necessary association 
of this condition with the production of haemoglobinuria. 

We may therefore say that all the evidence available points to the 
conclusion that the production of haemoglobinuria in blackwater fever 
is consistent with a normal functional state of the kidney, and is nol 


[ОФ eit 
T Uber die Intoxication durch chlorsanre Salze, Virch. Arch., 1879, D. 77.5. 455 


t Uber die pathologisch anatomischen Veränderungen in den Nieren und il 
der Leber bei einigen mit Ilámozglobinurie oder Icterus verbundenen Vergiftungen 
Virch. Arch., 1884, Ва. 9S, S. 460. Afanassiew regarded these granules as identica 
with the fragments of red cells seen in his experiments in the circulating blood 
these he describes as being taken up by the renal cell and passed on into th 
lumen of the tubules. Marchand and Ponfick hold similar views. 
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attended with any pathological condition of the renal epithelium, the 
only visible change ordinarily present being the appearance of brown 
granular material in the renal tubules. Whether brown granular 
material is also of necessity present in the epithelium of the renal 
tubules during blackwater is uncertain. 

It ıs moreover clear from our observations that an attack of 
haemoglobinuria does not necessarily damage the kidneys. No 
albuminuria of renal origin followed the attacks of blackwater fever 
coming under our observation, in which recovery occurred, and 
judging from the cases recorded in the literature of this subject, 
blackwater fever is not a cause of nephritis. 

Before concluding this section reference may be made to the 
circumstance that venereal disease does not seem to predispuse to 
blackwater fever nor to influence its course when present. Particulars 
on this point were obtained in sixteen cases of blackwater fever, with 
the result shown in Table 51. On further comparison of the cases in 


‘FABLE g1, Blackwater fever and venereal disease. 


No, of Cases | Syphilis Gonorrhoea 


9 | Absent Present in 3 cases 
| 
5 Present Present in 3 cases 


which one or both forms of venereal disease were present with those 
in which a negative history was obtained, it is found that the severity 
and duration of the blackwater fever were not obviously greater in 
the former than in the latter. 


SUMMARY 


1. During simple uncomplicated haemoglobinuria of blackwater 
fever the sole pathological condition existing in the kidneys would 
appear to be the presence of brown granular material in the lumen 
of the renal tubules. 


'enece а T : i i 
2. Venereal disease does not appear to influence either the 


tendency to blackwater fever or its severity when present, 
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VIl. ICTERUS AND BLACKWATER FEVER. 


The statement is frequently made that icterus occurs in blackwater 
fever. This word, while in its strict sense designating true jaundice 
due to the presence of bile pigment in the blood plasma and urine, is 
also sometimes employed loosely to indicate mercly a yellowish 
tinting of the skin and sclerotic coat of the eyeball, not necessarily 
due to bile colouring matter. The usc of the term icterus in describing 
this latter condition in blackwater fever, without any statenient as to 
whether the urine contains bile pigment or not, is frequent and js 
apt to be misunderstood. The same indefiniteness of meaning is also 
apparent in the description of experimental work in which haemo. 
globinuria has been induced. It would appear, however, that true 
jaundice, dependent upon bile pigment, is producible together with 
haemoglobinuria by toluylendiamin,* though so far as we know no 
other drug is capable of producing these two conditions simul- 
taneously. It is asserted by Kocht that after the administration of 
quinine, instead of blackwater fever, an attack of icterus may result, 
haemoglobin being converted into bile pigment, which appears in the 
urine. 

In the cases of blackwater fever which came under our notice, a 
also in cases of malaria, the urine was not unfrequently high coloured 
(brownish amber) after the attack. When the urine obtained during 
the haemoglobinuria of blackwater fever was acidified and boiled, the 
liquid obtained on filtration was usually of a light amber colour 
though sometimes remaining of a somewhat brownish tint. On 
testing the filtrate for bile pigment-with iodine a negative result was 
obtained. In the same way a negative result was obtained in the 
experimental haemoglobinuria of rabbits. In consequence of the 
absence of bile pigment in the urine it follows that the dark amber o 
orange colouring matter, obviously derived from the breaking up of 
haemoglobin, which the blood plasma often presents in blackwate 
fever and for some time subsequently, and sometimes also in malam 


(Table 33, p. 73) is not due to bile pigment. 


* G. Joannovicz, Experimentelle Untersuchungen über Ikterus, Zeitschr. ! 
Heilkunde, 1904, 3d 250 SES. M.  Afannassiew, Uber die pathologisch 
anatomischen Veränderungen in den Nieren und in der Leber bei einigen m 
Hämoglobinurie oder Icterus verbundenen Vergiftungen, Virch. Arch., 1884, В 
98, S. 460. 


| Uber Schwarzwasserfieber (Hümoglobinnrie) Zeitschr, f. Hygiene, 1898, B 
30, S. 295. Cp. pp. 321-322 and Case 3, p. 303. 
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VIII. REMARKS ON THE PROPHYLAXIS AND TREATMENT 
OF BLACKWATER FEVER. 


It is not here proposed to do more than refer briefly to the 
importance of avoiding malaria in countries in which blackwater fever 
is prevalent, for the need of adopting the various measures available 
for preventing the risk of the bites of infected mosquitos and of using 
quinine as a prophylactic are now well recognised. — But a few 
remarks upon the attitude often taken up towards prophylactic 
measures will serve to indicate the nature of some of the difficulties, 
often more or less trivial in aspect, which arise when it is attempted 
to secure avoidance of malaria. [t was, we found, cominonly regarded 
as unnecessary to use mosquito nets until mosquitos had already made 
their appearance. The presence of mosquitos was, moreover, not 
unfrequently overlooked. In many cases this appeared to be in part 
due to the circumstance that those bitten by mosquitos have after the 
lapse of months or years ceased to suffer from irritative skin lesions 
as a result of these bites. Mosquito nets, when available, were 
sometimes not used. Some of the nets in use were in a torn condition 
and of limited utility. When travelling or shooting mosquito nets 
were not unfrequently left behind, though the night would be spent 
in the neighbourhood of a river where mosquitos abounded, and this 
in spite of warnings afforded by the consequences of such neglect. 
The importance of taking a course of quinine as a prophylactic after 
bemg bitten by mosquitos is not recognised, and this drug is not 
taken until an attack of malaria has supervened, or until several 
malarial attacks of increasing severity have occurred. The necessity 
of avoiding the formation of collections of water in the neighbourhood 
of houses, or of filling up or draining places in which, dunng the 
rainy season, mosquitos may breed is generally unknown to the white 
population, but the Government medical officers have taken steps to 
secure better sanitary conditions in such cases. Many of the 
situations in which habitations were placed involved unnecessary risk 
of exposure to malaria. 

The administration of quinine to a patient suffering from malaria 
who has previously suffered from blackwater fever presents a difficulty 
for which no general rule can be laid down. In some cases where the 
malarial condition is uot showing signs of improvement, or is 


becoming steadily worse, the possible risk of inducing blackwater by 
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viving qume may be less thau that of withhokhng th Sometime 
the decision may be left. to the patient, but їп ë most cases the 
responsibility of deciding upon the treatment will necessarily reg 
with the medical officer, We аге of opinion that the general 
avoidance of quinme im malarial cases with a view to escape the 
possible. risk of blickwater Fever wonld expose patients to a nud 
greater risk of fatal issue from complications ol watari. The depree 
of risk involved in giving quinmoe shortly after au attack of Blackwater 
fever may be judged [rom a glance а! l'able so (Cases sq 8, 12, (ga 
It is scarcely necessary to add that when quinine is given dts na 
should be continued as long as splenic enlargement or other sip ol 
malaria is observable. 

During the attack of blackwater lever quinine is probally Des 
avoided, but when haemoglobinuria has ceased and the temperature 
has become normal, the treatment of the accompanying maklirial 
condition may be commenced with $ gr. daily doses of qune; very 
small doses appearing to be much less likely to canse hiemoglobinuria 
than larger doses. This amount may be gradually 1nereased to фр, 
a day (ep. “изе, Fable 48). 

Of the treatment ol the general symptoms of blackwater lever 
nothing: will be said, since these are dealt with by the sace methods 
which are employed when they occur tm other diseases. Our 
experience does not enable us to express any opinon as to the value of 
the mmierons empirical methods for the treatment of blackwater fever 
which have been pit. forward by various authors, A few remarks 
may, however, be made ou the treatment of a complication which is 
peculiar to blackwater fever and is а frequent cause of death, namely, 
suppression of urine, H6 has already been pointed. ont that the 
tendency to plugging of the renal tubules will granular: material 
which is purely mechanical im its action, appears less likely to occur 
when the flow of urine is rapid than when it is sluggish. l'or this 
reason iu all cases of blackwater fever, and especially when the 
amount. of urme secreted is small, which is likely to be the case 
when fhe patient has been sweating profusely, as often happen 
or exhibits signs of cardiac depression, the secretion of urine Бу 
the patient should he encouraged by the achninistration of a сорой 


итмоми oof Unie to drink amd hy the se of tea, сае, 


digitalis or other diuretics, IT suppression has supervened thes 
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measures mmay be соме For a d unc, lul al suppression contiites 
Hie question T. whether any attempt to relieve Hie bloc Мат ol the 
renal tubes by providing an ontlet imechamceally by mesion of one of 
the kidneys should he mace Should such a measure have been 
attempted in Case za, For example, im whieh the general comdibion was 
wood almost to the end? Up to the present thas procedure, first 
ا‎ by Werner,” appears to have been adapted in suppression 
NT mi blackwater Fever anly on. two occisis. In ghe: [rs 
case, on the third day ob suppression nephrotomy wus per armed, 
the How oof итне containing abondance of albumin being 
re established, but subsequently anuna reappeared and death 
accireecd.— lu the second case} neplieotomy was perbormed alter five 


suppression ol ure ; the operation resulted m the re establishi 


days : 
meni ob a profise secretion ol arie, bit death occurred: subsequently 
fram progressively tereasme weakness, DH Is clear, on reference to 
Ege 62 (p 130), that af the blocking of. the renal passages. is 
sufficiently extensive in iere mesion ol the kidney would be ol mneh 
use, but i£ the blocking is chlielly confined to the duets ol Berbun, 
as probably occurs tn most cases and was observed im Cases Za and 11 
(Figs. 33 Jo and $3 50), then ineplirotemy, iW the patients strength i 
maintamed, offers i means ol re establisbung the How ol urine. H 
does iot, however, Tallow that this will necessarily lead to recovery, 


for thouph cases are ош record: їп which alter several days 


suppression in blackwater Fever re estabhshincot ol the How ol 
urine lis occurred spontanconsly, yel, nevertheless, — deathi 
oecurred frou othe complications ; [wo such eases are recorded hy 
V. Pel, The efect of постуна is ob conrse Tinted, as regards the 
outlet which: i8 provides for the csempe of urine, lo only а small 
frachion of the kidney weed, but i may be poiuted out that a Fraction 
of one kidney not. exceeding one hall to one quarter ol (be total 
kidney mass is sufficient to carry an the work ordinarily. performed 
by the two kidneys§ “The best time [or carrying out neplirotoniy as 
probably before the suppression, determined by catheterisation, has 
lasted more than twenty four to forty eight hours, it being, of course, 
assmued that the general condition ol the patieul ds sufficiently god 
lo periit of operation. 


—O* dst bei Sehbwarzwasserlieberaninie die Nephirotoinic 
Wochenschr., igor, No. | 
| Ziemann, Monographie uber Malaria, Mense’ 
ld. 111, S. 585 6. 
| Reported by Ringer See Werner, Uber die Nieren: benn Seliwsairzwasserbeber, 
Areh. f. Sehills: a. Viopentiyy., 1607, Bd 11, S. $ 


Ge 
N H D 9 . 
8 OR, Nl. Peace, The influence of reduction ol kidney substance upon niropenons 


ibat? Dem, med, 


Тае der Tiopenkiapkheilen, 


шеаһойын, Journ. of kap Medicine, 1905, Vol, 16, p 632. 
Cp, Weiner, loc eil, p. i17, 
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1Х. CLINICAL RECORDS. 


Before giving the clinical records of the patients coming under 
observation, a few words may be said, by way of introduction, 
concerning the general features presented by the attacks of black 
water fever from which they suffered. For convenience of reference, a 
synopsis is given in Table 52, p. 248. The observations have alread 
been for the most part collected in tabular form, as indicated helow 
Some of the particulars supplied to us by the patients, for example, 
the statements made as to past attacks of malaria, it was not in our 
power to verify. 

The records are of necessity more or less incomplete. In some 
cases delay occurred in reaching the patient, either because 
information could not be sent to us sufficiently early, or, mor 
frequently, because of the slowness of travelling, especially during the 
rainy scasou. The simultaneous occurrence of two or more cases а! 
considerable distance apart caused difficulty also on more than one 
occasion. 

[he number of attacks of blackwater fever investigated was 
twenty. These occurred in seventeen different individuals, all males, 
eleven being white men, four Indians, one Eurasian and one Chinese 
Only one attack occurred in a female during our stay in Nyasaland, 
this was, however, not brought under our observation. 

. For convenience of reference and comparison dates are omitted, 
and the course of the attacks is described under the headings Ist day, 
2nd day, etc. (cp. Table 50, p. 247). One attack occurred in January 
six in February, four in April, one in May, two ш June, three in 
September, two in October and one in December. The rainy season 
extends from November to March. 

All the patients, except Case 5, stated that they had suffered from 
malaria some time before the attack (cp. Table 49, p. 161). In al 
except four (Cases 1, 4, 13 and 14) of the attacks the patients were 
regarded as suffering from malaria before the appearance ol black: 
water. Malarial parasites were found in the peripheral blood on only 
one occasion (Case 3), as is indicated in Table 46 (p. 151). 

In all the twenty attacks investigated quinine had been take 


before the onset of haemoglobinuria, of which it appeared to be? 
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determining factor, especially in attacks Л Жоосу O A hH. U Ml 
and 14a, This relationship is exhibited in tabular form in Table 50 
(p. 247), and is further considered in Section V, pp. 130-105. 

The duration of the attack of haemoglobinuria was usually short, 
lasting from three or four hours to four days. (Table 50). Relapses 
occurred in three cases (4, 8 and 10). In the first two a single relapse 
occurred respectively ten days and two days aftcr the original attack ; 
in the last case a remarkable series of small relapses, about fifteen in 
number, occurred during the tcn days following the original attack, 
and bore no obvious rclation to the quinine taken during this period 
(Table 50). Three of the patients (6, 7 and 14) suffered from another 
attack of blackwater fever after the lapse of a period varying from 
two to three and a half months. 

The severity of the constitutional symptoms varied considerably 
in different attacks, being insignificant, for example, in Case 7, while 
severe collapse lasting about twenty hours occurred in Case 2. 
Vomiting was severe in attacks 3, ба, 9, 14a, 16 and 17. Pain in the 
back was common, but was not severe.  Rigors occurred at the onset 
of the attack in Cases 1, 2, 3, 5, 8, 0, 10, 12, 14 and 14a. Cramps in 
the calf muscles were severe in Case 2. Illness of several days’ 
duration preceded the attack of blackwater, except in r, 4, 13 and ta. 

The complications observed were hyperpyrexia (Case 13), 
suppression of urine (Cases 7a and 11) and vomiting attended with 
extreme weakness (Case 16). All these complications terminated in 
death. 

The blood obtained by pricking the finger tip was generally 
remarkably watery in aspect. Haeimoglobinaemia was usually 
present during haemoglobinuria in the cases in which this point was 
juvestigated (3, яа, то, тд, 15 and 17, cp. Lable 34, p. 75), the highest 
amount observed being: 0'95; per cent. Methaemoglobin was also 
observed in relatively small amount during blackwater in most cases 
in the blood plasma, which was dark orange in colour in every attack, 
except 5, 6a and 9, in which it was light yellow (Cases 1 and 13 were 
not examined) ~ 


The reaction of the red blood cells to quinine in vitro was noted 
in Cases 3, 4, 5, 7, 7a, 8, 10, ІІ, 14, 14a and 15; it was found not to 
exhibit any marked alteration (Table 24, p. 46). 


170 


The percentage of haemoglobin in the urine lay, in the cases m 
which this could be determined, between 02 per cent. and 38 per 
cent. (Table 43, p. 136). The total amount of haemoglobin, lost in 
the urine, ranged between r'5 g. and 75 g. (Table 45, p. 141). The 
total amount of dissolved haemoglobin entering the blood plasma 
could not be determined (cp. p. 143). Methaemoglobin was also 
usually observed in the urine in relatively small amount. Red blo 
cells were found in the urine (Table 43). Casts, generally granular in 
character, were always present (Section IV, p. 94; Figs. 21 to 32 
The urine before and after the attack was frequently high coloured 
as in Cases 2 and z, for example. Bile pigment was not found in th 
urine. 

[а Cases za and 11 (suppression of urine) and in Case 16 (death 
seven days after blackwater had ceased) some of the renal tubules, in 
particular the collectiug tubules, were found to be plugged with 
coarsely granular casts (Figs. 33-40 and 53-56) resembling those 
present in the urine in Case 7a (Figs 29 and 32) The renal 
epithelium did not show any marked degenerative changes. [h 
condition of the urine during nine days’ suppression is given on p. 100 
(Case 7a) and on pp. 220-221 (Case 11). 

The spleen was observed to be enlarged, usually markedly so, in 
all cases except 13 and 15, in which no information as to its condition 


was available (Table 47, p. 154) 


BLACKWATER FEVER. CASE т, 

Male, twenty-nine years of age. Engineer. European. 

Has lived in Nyasaland for the last five years. During this period 
he has suffered a good deal from fever. Ias had one previous attack ol 
blackwater fever about three years ago. He does not take quiin 
regularly. About a month ago he suffered from low intermittent 
fever. He stated that he had an attack of fever each alternate 
afternoon about 3 p.m. These relapses went on for about a fortnight 
and during this time he took no quinine. After these attacks of leve 
had stopped, he took five grains of quinine daily for three or fou 
days. During the next fourteen days he felt very well, and took n 
quinine 
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On the ist day of the present illness he got up feeling very well, 
and took five grains of quinine. About noon he suddenly became 
dizzy and had a ngor, and shortly afterwards he passed blackwater. 

2nd day. In the morning patient was comfortable, vomiting was 
slight, and the urine, which had begun to clear about noon, was still 
deeply tinged red. Pulse 84. “Temperature normal The spleen 
extended one and a half inches below the costal margin. The liver 
was also enlarged. At 9 p.m. patient was not quite so well. 
Temperature 103? F. The urine had become much darker again. 

3rd day. Patient much better; the vomiting had ceased and the 
urine was not so deeply coloured. Temperature 99:5? F. 

4th day. Patient better; the urime was amber coloured and the 
temperature normal. Subsequently the patient's recovery was un- 
interrupted. 

Condition of blood.—On the 2nd day an examination of the 
patient's blood was made at 4-30 pan. No malarial parasites and no 
piginented leucocytes were found. 

3rd day. Blood was examined at 10 a.m. No malarial parasites 
and no pigmented leucocytes found. 

4th day. Blood films were examined again to-day, and no 
malarial parasites or pigmented leucocytes were found. 

7th day. No malarial parasites or pigmented leucocytes were 
found in films made from the patient’s blood to-day. 

15th day. No isolysin could be discovered in patient's blood 
plasma. No malarial parasites or pigmented leucocytes were found 
in the blood films. 

Condition of uriue.—On the 1st day, at 2 p.m., the urine was of a 
dark red colour. 

2nd day. The urine was not quite so deeply coloured at noon 
to-day, but at 9 p.m. it became of a dark red colour. 

3rd day. The urine was of a reddish colour to-day, but became 
lighter in the evening. On spectroscopic examination the bands oÍ 
oxyhaemoglobin were seen. Methaemoglobin bands were absent. 
A few red cells were present in the urine. 

4th day. Urine was amber coloured. 

15th day. The urine was acid, sp. gr. 1'010, amber coloured: no 
deposit on centrifugalising, and no precipitate on acidifying and 
boiling. 
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BLACKWATER FEVER. CASE 2. 


Male about forty years of age. Planter. European. 

Has been in Nyasaland for thirteen years. His first attack of 
blackwater fever occurred eight years ago; was ill with ‘fever’ for 
a fortnight, then took forty grains of quinine, after which blackwate 
appeared. Since then has had several attacks of malaria, but has not 
suffered again from blackwater fever. Has passed small amounts of 
pus in his urine for last twelve months, and occasionally has passed 
bright blood at the end of micturition. 

Eight days ago was drenched, and could not change his clothing 
for some hours. Yesterday took five grains of quinine, had to pass 
catheter, being unable to void urine naturally. 

To-day (first day) temperature became raised; patient suffers 
from vomiting and diarrhoea, and is very restless. Tas painful 
cramps in muscles of legs. Took five grains of quinine. 

and day. Still restless but somewhat improved in morning. А 
his 
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IO a.m. had six grains of quinine bihydrochloride hypodermically 


temperature being then 984° F. At 11-15 a.m. again restless, $ 
temperature 103°5° F., vomited. At 12-0 mid-day passed 150 c.cm. of 

very dark chocolate-coloured urine. Pulse now very feeble and E. 
rapid; shivering; extremities cold. At 12-30 p.m, temperatur ; 
105? F.; ai 1-30 p.m, temperature 101? F. Then commenced t M 


perspire freely, and condition improved. Spleen projects about зїп. | 
below costal margin. Liver cannot be felt. Heart and lungs normal. $ 

3rd day. Condition much improved. Skin has become sallow. f 
Urine contained chocolate-coloured deposit until mid-day, when thi = 
disappeared and dark amber urine was passed. 4 

Subsequently patient's condition steadily improved. The шї 
continued free from haemoglobin, no relapse occurring. Pus in шїї 
continued as before. 


Condition of blood.—On the Ist day, before blackwater appeare 
an examination of patient's blood was made at 4 p.m. The bloo 
plasma was of a dark orange colour with a slight greenish tint, and 
gave, in a column 18mm. high, excessively faint oxyhaemoglobit 
bands, the amount of dissolved haemoglobin being about 0°13 per сей 
No isolysin was present. No malarial parasites could be found 


blood smear. 
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2nd day. Blood examined at 9 a.m. and agam at 2-15 pm. On | 


each occasion the plasma was found to be of a dark orange colour, 
with a slight greenish tint, containing about 0°13 per cent. of dissolved 
haemoglobin. No isolysin present. No malarial parasites in blood 
Беат. 

3rd day. Blood examined at 2-30 p.m. Plasma of dark orange 
colour, with slight greenish tint. As before, only excessively faint 
oxyhaemoglobin bands could be recognised in a column 18 min. high, | 
the amount of dissolved haemoglobin being about 0°13 per cent. No 
isolysin present. No malarial parasites in blood smear. 

Condition of urine-—Prior to the appearance of blackwater the 
urine was stated to be of a yellow colour; none was obtainable before 
the onset of blackwater. Characters of urine are given in the 
following table : 


Specific Amount aad appear- | 
Date. Amount. Gravity.) Reaction. Colour ince of deposit. Spectroscopic examination. 
dav, 12.0 mid day 8o c.c 1'022 Neutral Chocolate coloured) 5 c.c. chocolate brown No dissolved haemoglobin 
Í | recognisable | 
Eh 6.45 p.m. 50 1O1) " та 2 Ha ne a 
4 O с df 1'022 = Dark amber colsaredi 3°5 с.с - y 
dav, 1.203. 125 Vor г c.c. whitish 
a “6.30 s 35 1014 2 
” 939 > 130 I O14 3 
3 [2.0 p.m mus 
4 Ea iy SE 
К +15 бо 
Yday, 2.0 am. 170 
rors 6 c.c 
» 345 85 
E 6.30 , 195 
» 9.0 , 210 
b N 220 


The first two specimens of urine presented an abundant deposit, 
consisting chiefly of red blood cells and stromata, and a dark brown 


granular precipitate, the latter being one third to one quarter of the 
volume of the former. In addition a few epithelial cells were seen, 
and also bacilli, mostly 34 to ди long, somewhat less numerous than 
the red cells. On centrifugalising the urine, the brownish precipitate 
was separated with-difficulty, and a turbid upper liquid, light brown in 
colour, showing on spectroscopic examination no haemoglobin bands 


in a layer 18 mm. high, and giving on acidifying and boiling about 


Q 
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one-twentieth column of a whitish brown precipitate, was obtained 
From the supernatant liquid по haemin crystals could be obtained, by 
on adding tincture of guaiacum and hydrogen peroxide a. blue colou 
was obtained. The deposit in the second specimen of urine contain 
in addition a large number of pus cells (about one to every eight re 
cells), some of which had ingested red cells, and a few blo ls 


and brown eranular casts. 
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Fic. 71. Blackwater Fever, Case 2. Temperature Chart. 


In the succeeding four specimens of urine the deposit consist 
chiefly of pus cells, some of which contained red cells or brow 
pigment; also in smaller amount red cells, partly or whol 
decolourised, and granular brown pigment, the latter preponderating 
over the former; brown granular pigment casts, occasionally hyalit 
casts; squamous epithelial cells; cylindrical epithelial cells; а 
bacteria, present in abundance in the urine immediatcl) af 
being passed. The supernatant liquid was free from odour | 
decomposition, was turbid, of a dark amber colour, neutral in reacli 


and gave on acidifying and boiling one-fifteenth column 


coagulated proteid of a light brown colour; on adding tincture 


š ISI 


guajacum and hydrogen peroxide a faint. blue colour was obtained ; 
no bands of haemoglobin or urobilin were seen on spectroscopic 
examination. 

In the remaining specimens of urine the deposit consisted almost 
entirely. of pus cells, sometimes in shreddy masses. In addition 
granular casts, epithelial cells and abundant bacteria were present. 

\ week after recovery the urine still contained pus cells and 
bacilli. 

Owing to the absence of oxyhaemoglobin bands in the centri- 
fugalised urine at the time of examination, and the presence of pus, 
it was impossible to determine the amount of dissolved haemoglobin 


which may have been originally present in the urine. 


BLACKWATER FEVER. CASE Aic 


Male, forty seven years of age. Engineer. European. 
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lic. 72. Blackwater Fever, Case 3. "Temperature Chart. 


First came to Nyasaland ten years ago. Had fever every two or 


three months during the first four years of his residence in Nyasaland. 
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Eight years ago he had his first attack of blackwater fever. Thi 
attack was very severe, and he continued to pass blackwater for five 
days. The next two years he suffered from a good deal of fever, and 
had three more attacks of blackwater fever. He stated that afte, 
each of these attacks he had a relapse. During the next six years he 
had but little fever, and no further attack of blackwater fever, Не 
used to take about twenty grains of quinine a week during the first 
five years he spent in Nyasaland, but has taken hardly any for th 
last five years. 

During the last two months he has been living in a very wet camp, 
but remained comparatively well until about a week ago, when he had 
a severe attack of fever. This passed off, but was followed b 
another two days later, and by still another on the next day. He 
took five grains of quinine on the third day of his illness and te 
grains on the fourth day, previously not having taken any for overa 
year. On the fifth day he was admitted to hospital, and given fn 
grains of quinine. T. 10r6? Е. 

6th day. Slept badly, perspired freely during the night. Quinine 
bihydrochloride in solution was administered in five grain doses a 
7 am. дал. and noon. At 2 p.m. he slept for an hour, but awakene 
feeling chilly. At 3 p.m. T. 101? F., and at 3-30 p.m. hc passed rec 
urine. At 6 p.m. T. 104? F. complained of pain in chest and legs 
Had a good deal of retching, bringing up a little bile-stained fluid 
At 7 pm. T 100? F., pulse 104. Complained of flatulency, skin w 
of a very distinct lemon yellow tint. Spleen easily palpable. 

7 day. Troubled greatly with flatulency. Vomiting was ver) 
troublesome. At б a.m. T. 99° F. pulse 78. At о p.m. T. 1007 Ё, 
the vomiting was less troublesome. 

8th day. Patient much better. T. 100? F. at Ó a.m. 

Ooth day. Felt quite well Skin still of a lemon yellow colour 
spleen enlarged and hard, and extended three fingers’ breadth belo 
costal margin. 


Condition of blood.—sth day, at 3-30 p.m. Patient's oxalate 
plasma was of a dark orange colour with no red tint. Oxyhaem 
globin bands were faint, the blood plasma containing 0°16 per cent. 


oxyhacmoglobin. No autolysin present. A few malarial parasite: 
but no pigmented leucocytes, were found in the blood. 
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6th day, At O p.m. patient's oxalated plasma was of a dark 
orange colour with a distinct reddish tint. Oxyhaemoglobin bands 
were distinct, the blood plasina containing 057 per cent. of oxyhaemo 
globin. No autolysin present. No malarial parasites or pigmented 
leucocytes were found in the blood. At 10 p.m. patient's oxalated 
plasma was of a dark orange colour with à distinct reddish tint. 
Oxyhaemoglobin bands were distinct, the blood plasma containing 
оз per cent. of oxyhaemoglobin. No autolysin present in the plasma 
No malarial parasites or pigmented leucocytes were found in the 
blood. 

7th day. At 11-45 a.m. patient's oxalated plasma was light yellow 
coloured, with no reddish tint. Oxyhaemoglobin bands were faint, 
the blood plasma containing 0'8 per cent. of oxyhaemoglobin. No 
autolysin was present in the plasma, and no malarial parasites or 
pigmented leucocytes were found in the blood. 

The following observations were made at 37? C. with the patient's 
red blood cells suspended in 0'9 per cent. sodium chloride solution to 


which quinine bihydrochloride had been added : 
| 


Compostrion or Mixrore or Rep Broon CELLS AND 
QUININE SOLUTION. 


No. of 
experi- | - — — n MNIÍ<S q s  - Haemolysis 
ment, 
z5 of û emulsion of œg% solution of 1:92 % solution of 
red blood cells sodium chloride quinine bihydro- 
chloride 
1 o4 с.с. 2581959 ӘЛИ aa. Complete in 3 hour 
3 Ous С.С. ац Сс; Occ Complete in 1 hour 
3 0% с.с. 3-0 с.с. Ol €.C. Complete in 1} hours 
4 28 c.c. 476 c.c. QUIC Complete in 23 hours 


Sth day. At то a.m. patient's oxalated plasma was orange 
coloured. Oxyhaemoglobin bands were faint, the blood plasma 
containing 0'08 per cent. of oxyhaemoglobin. On examination with 
the aid of the haemocrit, the patient's blood was found to contain 
20 per cent. by volume of red cells. A haemoglobinometer reading of 


30 divisions of Von Fleischl’s scale was obtained (equivalent to ооо 


per cent. of wet red cells). A haemocytometer enumeration gave the 
following figures : —Red corpuscles, 2,612,500 per mm.3; leucocytes, 


5.470 per mm? Red cell index = 0:58. No autolysin present. No 
parasites and no pigmented leucocytes were scen in the blood. 
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The subsequent specimens of the urine were amber coloured 
contained no deposit, and gave no precipitate on acidifying with a 


acid and boiling. 


BLACKWATER FEVER. CASE 4. 


Male, about thirty-five years of age. Clerk. Indian. 

Has lived in Nyasaland for the last seven years, and has had 
good deal of malaria during this time. About ten months ago h 
an attack of blackwater fever, since which, except for occasional se 
headaches, he has been perfectly well He has hardly tak 
quinine since this attack of blackwater fever. 

On the first day of the present illness he hacl a very severe hea 
ache, and felt feverish about mid-day to-day. At 3 p.m. T. 103 
He took ten grains of quinine. At 7 p.m. he took five grains c 
quinine. At о p.m. he had a slight rigor. During the night he stat 
that he had great frequency of micturition, passing water ab 
twenty-five times in very small quantities. 

2nd day. When he got up this morning he found that his wi 
was of a dark red colour. He passed urine five times to-day, 
colour increasing until mid-day, and then gradually decreasm 
Vomited once this morning. 

зга day. Headache stil troublesome; no vomiting; the um 
cleared up this morning 

4th day. Patient better ; the urine was amber colourcd. 

sth day. Patient practically well. Т. 98:2? Е. The urme w 


amber coloured. Spleen large, reaching one and a half inches bel 


the costal margin 

Oth day. Five grains of quinine bihydrochloride was given by tl 
mouth, and three grains subcutaneously. The urine remained ал! 
coloured. 

From the 7th to the 13th day the patient remained well, and ! 
urine continued to be amber coloured. Three grains of quin 
hihydrochloride were administered thrice daily during this репой 

14th day. The patient commenced to feel unwell again Ё 
evening. This morning he was worse, and had lumbar pains, wh 


did not descend into the testicles or thighs. He vomited sew 


times. [Ie took one dose of three grains of quinine this morn! 
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At mid-day he had a slight rigor, and about 2 p.m. he passed 
Burgundy red urine. At 3 ра. T. 1042? Е. Spleen enlarged and 
easily palpable, extending about two fingers’ breadth below the M 
margin. | 

isth day. Patient was better to-day, and the urine was amber 
coloured. 

16th day. Patient quite well to-day. Iis recovery continued 
uninterruptedly. 

Condition of blood. 5th day. At 10 am. patient's oxalated 


plasma was of a dark orange colour with no red tint, containing 0'00 


per cent. of oxyhaemoglobin. No methaemoglobin bands were 
observed. Мо .isolysin and no iso-agglutination of the red cells 
was present. A haemocytometer enumeration gave the following 


figures: —Red cells = 4,140,000 per mm. No malarial parasites 
and no pigmented leucocytes were found in the blood. 

Oth day. On examination of blood films, no malarial parasites or 
pigmented leucocytes were seen. 

16th day. At то a.m. patient's oxalated plasma was of a light 
yellow colour with no red tint, containing 0°13 per cent. of haemo 
globin. No autolysin present. 

The following observations were made at 37° C. with the patient’s 
red blood cells suspended іп 0'9 per cent. sodium chloride solution to 


which quinine bihydrochloride had been added : — 


Composition OF Mixture or Вер BLOOD CELLS AND 
QUININE SOLUTION. 


No. of | 
experi- —ə— — ——- - Haemolysis 
ment. | 
2°5 % emulsion of © o'9?, solution of | 1-92, solution of | 
red blood cells sodium chloride quinine bihvdro- І 
chloride | | 
1 0°65 c.c. СЕ | Pi Che Partial at end of 3 hours. 
2 0:8 c.c. O G.C: ON с.с. Almost complete at end ot 
3 hours. 
3 1*05 c.c. = AR с: SPI Ceres [race at end of ç hours. 
Condition of urine. On the 1st day, in the ev ening the urine was 
of a dark red colour. 
2nd day. The urine was porter coloured all day. 
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3rd day. The urine was amber coloured. 
4th day. The urine was dark amber colour, sp. gr. 1'018, m 
deposit on centrifugalising, no oxyhaemoglobin bands, and 
precipitate ou acidifying with acetic acid and boiling. 

From the 5th day until the 13th day the urine possessed the 
characters as on the 4th day. 

14th day. The urine became red again this afternoon а 
2 pun. 

Isth day. The red colour of the urine continued all day, but be 
to clear towards eveniug. 

їбїһ day. The urine was amber coloured and slightly alkal 
On centrifugalising there was a slight deposit, consisting almos 
entirely of granular casts and masses. No red cells nor stromat 
few columnar epithelial cells and triple phosphate crystals. Sl 
precipitate on acidifying with acetic acid and boiling. 

t7th day. The urine was amber coloured, and gave no precipit 
on acidifying and boiling. 

Subsequent specimens of the urine were amber coloured 


normal. 


BLACKWATER FEVER. CASE 5. 


Male, thirty-seven years of age. Cook. Goanese. 

IIas been in Nyasaland for ten months. States that he ha: 
suffered from attacks of malaria. Six months ago had an attack 
blackwater fever; was ill for one month, the haemoglobin 
extending over ten days and gradually subsiding, without any relaps 
occurring. Illas not had any other illnesses. 

ist day. Illness commenced with rigor and profuse sweat 
Anorexia, but no vomiting. Has not had quinine. 

2nd day. Illness continues. Took ten grains of quinine. 

зга day. Rigor commencing at 6 a.m. accompanied by sew 
constitutional disturbance. Passed port-wine-coloured urine. H 
lumbar pain (bilateral) not extending into testes or groins. Took 
grains of quinine. 

4th day. Urine became lighter in colour, was finally faintly 


coloured. Heart aud lungs normal. Spleen enlarged, projecting 


end of respiration about one inch below costal margin. Splen 
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dulness increased. Liver dulness normal; liver not palpable. [s 
extremely weak. Took ten grains of quinine. 

sth day. Urine at first red, became later dark amber coloured 
with no red tint. Is very anaemic and weak. Pain at epigastrum. 
Complexion sallow. Quinine discontinued. 

Subsequently patient's recovery was uninterrupted. No relapse 


occurred. 


Condition of ólood.—sih day. Blood smear towards close of 
haemoglobinuria, at I p.m., contained no malarial parasites. 


Oth day. Examination made at 10 a.m., twelve hours after haemo 
globinuria had ceased. Blood plasma of light amber colour; no 
autolysin present; gives faint oxyhaemoglobin bands, 0°13 per cent. 
of haemoglobin being present in solution. No malarial parasites 
present in blood smear. The following observations were made at 
37° C. with the patient's red blood cells suspended in оо per cent. 


us] 
sodium chloride solution to which quinine bihydrochloride had been 


added : 
| Composition OF MIXTURE or Rep Broop CELLS AND 
Quinine SOLUTION. 
No. of | 
experi- | = m — —— Haemolysis. 
ment. 
2:596 emulsion of | o:9 % solution of , 1 92 % solution of 
red blood cells sodium chloride quinine bihydro- 
| chloride 
— - -| 
| E = - x 
I GACE СС O'1 с.с Complete at end of 3 hour 
2 бер СС; Жее once Complete at end of 1 hour 
3 O'O5 с.с. 4:6 c.c о c.c. Partial at end of 3 hours 
A ТС С СІС O'I C.C. Unaffected at end of 3 hours 


Condition of urine—sth day (sample of twenty-four hours’ urine). 
DP. gr. 1018; neutral to litmus paper; colour, brownish amber ; 
contains a small amount of brownish deposit ; after centrifugalisation 
the supernatant liquid gave no oxyhaemoglobin bands on spectro- 
scopic examination; on acidifying and boiling, about one-fiftieth 
column of brownish white precipitate was obtained. 

Oth day. Characters as above, except that on acidifying and 
boiling slight turbidity appeared, but no precipitate. 
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The deposit in the urine consists of hyaline masses of casts filie; 
with refractile granules of a faint brownish colour (Fig. 25, p. ¢ 
Many of the casts or inasses contain remains of nuclei, and someti 
vacuoles are also seen. No red cells or stromata. No bro 
amorphous deposit. No crystals. 


Additional note. At the end of two and a half months апо 
attack of blackwater occurred, terminating fatally at the end of three 
days. Patient was not seen by a medical man, and no furthe 


particulars of his illness were obtainable. 


BLACKWATER FEVER. CASE б. 

Male, about thirty-nine years of age. Locomotive inspector 
European. 

Has lived in Rhodesia for fourteen years. First came to Nyasa 
land five months ago. Has had a good deal of malaria, both in 
Rhodesia and Nyasaland. Three years ago he had an attack of black 
water fever, and a second attack a year later. Never taken quinine 
unless Ш. Four days ago he began to feel ill, but was able | 
continue at his work until yesterday, when he was decidedly wors. 
Пе thought he had malaria, and took three doses of quinine of te 
grains each. 

Ist day. Was very unwell all to-day, and in the evening h 
noticed that his urine was тей, T. 103° F. 

2nd day. The urme continued red all day, and the patient 
general condition was unchanged. Vomiting very troublesome 
spleen enlarged and palpable. Т. 98:2? Е. 

3rd day. Patient was rather better this morning. Urine becan 
clear during the morning. Vomiting was still troublesome. Т. 98°F 

4th day. Vomiting ceased, and patient felt much better. Um 
amber coloured. Т. 9872? Е. 

Condition of blood. —ard day. At 4 p.m. the oxalated plasma y 
found to be of a dark orange colour with no red tint, and gave m 
column 18 mm. high faint bands of oxyhaemoglobin, equal to 0167 
cent. of haemoglobin. Мо isolysin and no iso-agglutinin were presen 
in the patient's blood plasma. No parasites and no pigmented leuc 
cytes were found in the blood. 


Condition of urine—ist day. In the evening the urine w 


porter coloured. 
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эпа day. The urme remained porter coloured all day. 

ird d y. This morning the urine was light red. Later in the day 
it cleared up, becoming dark amber coloured, sp. gr. 1014, acid. There 
was a slight deposit on centrifugalising, consisting. of granular casts, 
few red cells and epithelial cells. The supernatant fluid, when 
examined with the spectroscope, gave no bands of oxyhaemoglobin 
or methaemoglobin. There was a slight. whitish precipitate on 
acidifying W ith acetic acid and boiling. 

jth day. Urine was amber coloured, sp. gr. 1'016, no deposit on 


centrifugalising, and no precipitate on acidify ing and boiling. 


BLACKWATER FEVER. CASE Oa. 


See history of preceding attack (Case 6). Has remained in good 


health since his last attack of blackwater fever about two months ago, 
with the exception of one attack of malaria which occurred about 


three weeks ago. During the past two months he has only taken an 


y 
occasional ten-grain dose of quinine. Yesterday evening he did not 
feel very well, and, consequently, took ten grains of quinine and went 
to bed. 

Ist day. Patient got up this morning feeling better, and took 
another ten grains of quinine. Later in the day he began to feel very 
ill, and had to go to bed again. At 7-30 pm. T. 103 4? F. At 8 p.m. 
he passed blackwater. Vomiting very troublesome. At 11 p.m. 
Toro: 

2nd day. Condition unchanged to-day. Urine brownish coloured. 

3rd day. Patient was rather exhausted. Vomiting troublesome. 
Skin and conjunctivae of a lemon-yellow colour. It was impossible 
to satisfactorily palpate the spleen owing to the rigidity with which 
the abdominal walls were held. Urine of brownish colour. 
MOS 

Иһ day. Patient rather better, but vomiting was still severe. 
The urine had almost completely cleared during the morning. 

sth day. “The vomiting had stopped, and the urine was amber 
coloured. I 

Condition of blood. 3rd day. At 4-30 p.m. patient's oxalated 


plasma was of a pale orange colour with no red tint, containing 0'10 


per cent. of haemoglobin. No autolysin was present in the plasma, 
and no parasites or pigmented leucocytes were found in the blood. 


Cond {тон 07 urine 
Date and time. 


Amount. Sp. от 


ist day (evening _ 
2nd day 17 


a 


O с.с. ERT 


1 day up ull 


4.30 p.m. 7 E 1 
Tun м 28°5 c.c г'0І5 
4th day, 8.0 ат. | 228 с.с 5 
9: б) 28 с.с 5 
5th day a TE 


Subsequently the urine was 


Reaction. 


amber 


Colour. 


Porter coloured 


Brown 


27 
| Amber 


coloured 


Very slight deposit as above 


Appearance and amount of deposit 


Deposit on centrifugalising small in amount. 


consisting of granular casts and débris, rec 
cells and epithelial cells. Also a few 
crystals of triple phosphates. (There were 
about 50 red cells to the field). 


coloured and normal 


Spectroscopk 


examinati 


No bands in 
the supern 
tant fluid 
after centri- 
fugalising 


Amonnt of haemoglobin 


Light brownish precipitate on 


acidifying ind boilin 
equalling less than o:8 °, 
of haemog lobin. 


Slight precipitate on acidifving 
and boiling. 

?) 

7) 


22 


Faint cloud on acidifying and 


oiling. 
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Male, thirty-two years of age. Clerk. IZurasian. 

Нав been in Nyasaland for six years. One month alter coming 
mto the country had an attack of malaria lasting ten days. Num 
months later had blackwater fever. Suffered from malaise for about 
а fortnight, gradually getting worse. Then observed that his urine 
was of a reddish-black colour, resembling stout. Vonnted severely, 
and had general aching pains. Complexion became sallow, was very 
weak. At end of three days urine became normal. Patient was well 
again at end of ten days. Two and a half years ago had dysentery. 
SIN months ago had malaria, his temperature at the time reaching 


105 F. 
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73. Blackwater Fever, Case 7. Temperature Chart 


Ist day of illness. Felt ill, and went to bed in the afternoon. 


2nd day. Did not [ec] very well in the morning, but did not leave 


alf work. At four o'clock in the afternoon had an attack of ague and 


we : "Uer Se = аах : inr а 8 

ещ lo be d agam, shivering and sweating very much. Took ten 
stais Ol quinine in five-grain doses. 

N 


104 


зга day. In the morning patient's temperature was not raised 
Felt fairly well, except for an empty feeling at the stomach an 
sense of weakness. In the afternoon vomited several times, and 
the evening had a temperature of 104? F. Noticed that his urme 
somewhat high coloured, but this he did not think unusual 1 
fifteen grains of quinine, in five-grain doses, during the day. 

4th day. Noticed that his colour was sallow, and on passing hi j 
urine observed that it resembled stout, being dark coloured. H 
pain in the hypogastric region. Has had pain in loins for last thre 
days, but no general pains, as was the case during the previous atta | 
of blackwater fever. No constitutional disturbance. Temperatu 
normal. The viscera appear healthy. No recognisable enlargem 
of the spleen. Is anaemic and sallow. 

sth day. Urine amber coloured. General condition goo 
Appetite fair. Temperature normal. 

Recovery was uninterrupted, no relapse occurring. 


Condition of blood. 4th day, 12-30 p.m. Blood plasma of d 
orange colour, no reddish tint being observable; gives faint o 
haemoglobin bands in a column cighteen millimetres high, 0°13 | 
cent. of dissolved haemoglobin being present; no autolysin presen 
The following observations were made at 37? C. with the patie 
red blood cells suspended in o'o per cent. sodium chloride solution 
which quinine bihydrochloride had been added.- 


Composition or Mixture or Rep BLOOD CELLS AND 
QUININE SOLUTION. 


No. of 
experi- — — — —  —— Io Haemolysi 
ment. 
2:5 95 emulsion of | og %ọ solution of 1592 % solution of 
red blood cells. sodium chloride. quinine bihydro- 
| chloride. 
— | —— کس = ج‎ — — аа 
1 с.с 1*2. С.С. Oet с.с. Complete at end of 
2 Gee pouce ер ауе Complete at end 
3 1°05 с.с {б с.с Өл сс; Partial at end of 3h 
n ҮЛ СС 7 (AG spi cs Unaffected at ent 


7th day. Blood smear negative. 


Sth day. Blood plasma of light orange colour, contains 


oob per cent. of dissolved haemoglobin. 
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ШЕ 
Condition of urine. The characters of the urine are given in the | 
| 
Lollowmg table : = 
Specifi Amount and appear- | 0 I 
Dati \moun ravily. Reaction. Colour ance of deposit Spectroscopic examination 
i day 0.30 a.m. O50 ç со} Slightly Porter coloured À col. dark brown N cvIriemoglobin bands 
alkaline 
1.15 10 \lkaline : js col. dark brown 
К ) 1 m 14 ^q Brown amber Less than above | 
fh day. 1.40 am. 17017 + лса Dark amber Very slight 
1 7 К 15 1027 \mber РЕ 
30 p.m. 19 Weis Light amber 
E. b В 13 1°01 | 


The deposit present m the urme on the fourth day consisted ol 
granular masses and casts, the granules being fine, apparently 
refractile, and brown in colour, held together by hyaline material. A | 
few renal epithelial cells were seen. No red blood cells or stromata. 

No crystalline deposit. | 

On centrifugalising the first specimen of urine the supernatant | 
liquid was found to be quite clear, of a dark brown colour without any 
reddish tint, and on acidifying and boiling gave about one-twentieth | 
column of а hght brown flocculent precipitate. The amount of | 
dissolved haemoglobin originally present was therefore small, 
presumably not exceeding 0°15 per cent. The total amount of haemo- 
globin m the urine apparently did not exceed that contained in 


080 X O'OO15 = 1'5 c.cm. of healthy red cells. 


BLACKWATER FEVER. CASE 7a. 


Male, thirty-two years of age. Clerk. Eurasian. 
(For account of previous attack of blackwater fever, two months 


ago, see preceding report.) 


Was well up to ten days ago, when he had febrile disturbance, 
attributed to malaria, and commenced taking ten grains of quinine 
every day. As his temperature did not become normal he increased 
the amount, five days ago, to fifteen grains a day. His temperature 
then rose to 104° F., the rise being accompanied by a rigor and cramp | 
of the stomach, and followed by profuse sweating. Patient expected | 
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that this would be the forerunner of an attack ol blackwater, but in: 
urine remained clear and amber coloured. Four days ago, and again 
three days ago, fifteen grains of quinine, in two and a half grain dos 

were taken. His temperature, however, still remained persistent] 
high. Two days ago he took twelve and a half grains of quinine 
esterday he took fifteen grains. During the last three days dran 


) 
little fluid and passed little urine. 


tst day. During the night patient's temperature rose to 105 F 
At 5 a.m. passed 350 c.cin. of dark red urine. Has considerable const: 
tutional disturbance. Skin and conjunctivae of a yellow colour, 
Sweating profuscly. Spleen enlarged, projecting about one and 
quarter inches below the costal margin at the end of inspiratioi 


From this day onwards no more quinine was taken by patient. 


and day. Temperature remains low. General condition good. 
Somewhat depressed. Vomiting of green and yellow bile-staine 


mucus, troublesome. Pulse good, feels fairly comfortable. Skin still 
3 > e 


fairly yellow. Urine amber coloured; total amount 18 c.cm. 


3rd day. Vomiting continues, otherwise general condition. good 
Pulse not feeble. Began to perspire when a hot pack was applie 
his temperature rising to 102?2F. Total urine 21 ccm. Receiver 
intravenously at 4 p.m. one litre of 0'9 per cent. solution of sodium 
chloride. Slight rigor one hour later. General condition showed 
considerable improvement after saline injection. Vomiting ceased 
Retained two pints of fluid drink. 


4th day. General condition good. Received subcutancousj 
800 c.cm. of saline solution. Felt much better after injection. Tol 
ires ccm: 


sth day. Had a good night. General condition remarkabl 
good. Vomited grcenish bile on one occasion only. Takes a littl 
semi-fluid food. Total urine 17 c.cm. 


Oth day. General condition good. Slight vomiting once to-di) 
Takes and retains a little food. Had slight dyspnoea twice yesterdo 
Total urine 35 ccm. 
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8th day. General condition has remained good until to-day, 
now lethargic and feeble. Has occasional dyspnoea. Had Ch 
Stokes respiration for a short time last night. Vomiting recommence 
to-day. Vomited three times this morning. In the evening dyspn 
increased, especially after shght movement in bed, patient beca 


dí | 


A few fine rales at lower borders of lungs, breath sounds loud an, 


restless and his extremities cold. Slight anasarca of hands and | 
harsh generally. Total urine 41 c.cm. t 


oth day. Slept last night after administration of morphia. Mud 


improved again this morning. Total urine 23 ccm. 


[Г 
toth day. I“xcept for dyspnoea is fairly comfortable. р) 
suddenly at 5 p.m. from cardiac failure. Total urine 43 c.cm 
i d d 
Condition of blood—ist day, то am. Blood. plasma of deep 


orange colour, no distinct reddish tint being recognisable wil 

certainty; contains O74 per cent. of dissolved haemoglobin; wi 
autolysin present. No malarial parasites present in blood шей. | 
The following observations were made at 37° C. with the patients, 


red blood cells suspended in оо per cent. sodium chloride solution 3 


which quinine bihydrochloride had been added : , 
1 
X, 
COMPOSITION or Mixture or Rep BLOOD Ctr rs AND p 
QuININE SOLUTION. р 
№о. of р. 
experi- - — — Haemolysi 
ment. š 
2:5 % emulsion of — o:9 9$ solution of | 1:92 % solution of k 
red blood cells sodium chloride quinine bihydro- 4 
| chloride Ë 
= meu E 
e 5 P : 1 ‚ hoi LU 
I 0:5 С.С. СС; OEC Complete in 1 hour О 
А 4 
2 о'65 c.c 30 C.C ol с.с Complete in 2 hous 
3 o8 c.c. 1*6 c.c. O'1 с.с. Marked in 3 hour. $ 
4 O с.с. осе. ЭШЕ (ye, Trace in 3 hours. 
5 Ia Сус. OCC. “гс Trace in 3 hours. 
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Condition of urine. The characters of the urine are given in the 


following table | 
li 
Specific imount and appear- | — : m. | 
Date, Amount ravity, Reaction. Colour ance of deposit Spectroscopic examination. | 
===: 8 ES س‎ — > c = e. || 
Bday, со am. ТЕО С.С 1:032 | Alkaline Dark porter J; col. brown Oxyhaemoglobin, no met- 
u coloured haemoglobin 
1 20 p.m Ji 5 1:028 Neutral 5 fy col. brownish Faint O, Hb. bands, no 
black methaemoglobin bands | 
4 6.30 y 20 , 1:020 o» 3 ds qr Ж Ѕате аз preceding | 
10.( ; pa 1:022 Faintly Dark red black iy col. 5 Strong O, Hb. and met- | 
, alkaline haemoglobin bands 
id day, 9.30 a.m. 15.5 1-010 Alkaline Port-wine coloured X5 v x Oxyhaemoglobin, no met- 
| š i haemoglobin 
b 1.0 p.m. Hes e д Brown Very Slight No haemoglobin 
J 2:079 a - А Yellow X » 
d day, 12.30 a.m. Sow ^ ` » . » » 
3 3.15 p.m. DN Brownish amber - n 
» 70 ED ) > ” » 
liday, 4.0 a.m. OE ; Light yellow » on 
» 10.( an + x IT » » 
3 7.30 p.m. ER ec m , » 
Вау, 7.0 a.m. Gn I'O12 Clear yellow = ^ | 
А 11.30 a.m. Gs — T T Y T 
3 3.0 p.m. Sar. — » , 
E 6.30 E 3 эз 35 E ” 
Шу, So am. | The I'010 ; : 
3 12,30 ,, 6 = » : А 
9 $39 y T NY = 33 А m » 
n 7.30 DM - Faintly - » У | 
alkaline | 
iday, 2.0 am, - 15 1.015 Alkaline Light yellow } | 
£ Оа ra š 5 D 
4 DIOS ou z Faintly 
alkaline 
j 3.30 p.m. dee ñ Alkaline y , 
n 9.30 ., um 35 5 ap : 
P 11.5 ” 3 р » » 
Шу, 4.0a.m. I2. 55 1014 Т с 
NH 12.30 p.m. 0x m А t 
n 3-30 y Fhe с — » 
8.30 7 015 
> f} n 3 3 > » 
» 10.0 4, ” = » " » } 
day, 2.30 p.m. їз у; rors | Faintly > т » 
by catheter) alkaline |. | 
" 5.30 p.m. 235 э. 1:015 Alkaline S m » 
» 7:0 y» Я x 5 S T T 
day, 10.0 a.m. Joe " Faintly А * 
(by catheter) alkaline 
The total amount of urine passed on the first day was 397 c.c. ; on | 


the succceding nine days the average daily amount was 28'5 c.c. 
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The deposit in the urine on the first day consisted of yellow, 
brown granules, forming a precipitate, or arranged in masses о 
well defined casts (Fig. 29, p. roo); the individual granules chin 
up to 4:54 in diameter; unaltered red cells in small numbers (p 
present in the first specimen of urine); squamous epithelial cel] 
and (in the first specimen only) triple phosphate crystals. Suh 
quently the amount of deposit became very small and consisted, ey 
in the last specimen, of red cells; coarse granular casts surrounded h 
renal tubule cells (Fig. 32, p. 104); granular débris; and renal cells 


isolated or in groups. 


The first, third, fourth and fifth specimens of urine gave (afte 
centrifugalisation) the following percentages of haemoglobin, dete 
mined by means of а comparison spectroscope: O'4I per cent 
tt jer cent. 12 percent; GS percent. These estimations of th 
oxyhaemoglobin actually present do not represent the amounts 
actually passing into. the urine. in. the kidney, since muc 
of the haemoglobin had been decomposed. On comparing il 
chocolate brown precipitate obtained with that yielded by boiling 
mixture of blood and urine, it was found that the samples of uri 
were matched as follows :—Ist, with 1°8 per cent. of haemoglobin 
3rd, with 2:5 per cent. of haemoglobin; 4th, with 3°5 per cent 
haemoglobin; sth, with 3°§ per cent. of haemoglobin. The total 
haemoglobin lost by the kidneys on the first day did not therefoi 
exceed 64 + 000 + 075 + 042 + 0:52 = go6g. of wet red bigi 
cells. The yellow coloured urine subsequently passed contained 11 


2 column of coagulable proteid of a slightly brownish white colour, 


Post-mortem examination—Body well nourished. Skin no longe 


sallow. Subcutaneous tissue oedematous generally. 


Peritoneal cavity contained about 900 c.cm. of clear yellowish Йш 
Spleen much enlarged : Gin. long, Jin. broad, and 2in. thick. — Splee 
smear showed phagocytosis of red blood cells, but no malaru 
parasites or pigment. liver somewhat enlarged, milky opacity o 
surface, some congestion. Kidneys markedly enlarged, measur 


1 
ү, 


shghtly more than п. m length, зіп. ın breadth, and 1 


. * М tad 
thickness ; capsule stripped readily; cortex not markedly congested 


brown in colour; pyrannds swollen, dark almost black, with a striated 
aspect; mucous membrane of pelvis showed punctate ecchymoses ; 
superficial ecchymosis on surface of left kidney, about half an inch 
in diameter. Intestines distended with gas. Stomach empty ; 


mucous membrane congested. 


Recent pleural adhesions on right side, older adhesions on left 
side; pleural cavities obliterated. Jungs emphysematous; scars on 
surface of upper lobe near apex; numerous calcified and caseous 
nodules. Bronchial glands enlarged, not tubercular. Pericardium 
contained about 10 c.cm. of clear yellowish fluid; valves of heart 


healthy; myocardium somewhat pale; cavities of heart small. 


Bladder normal in aspect Suprarenals unaltered. Pancreas 


natural in appearance. 


Microscopical examiuation. The kidneys presented marked dis 
tension of the tubules and malpiehian capsules [n some of the 
5 


tubules solid material consisting of coarse brown granules, rarely 
exceeding 54 in diameter, together with irregular masses formed by 
the aggregation of these granules, and sometimes also free epithelial 
cells and finely granular or flocculent material, were found partly 
filing the lumen of the tubule; further details are given on рр. 
107-118. The interstitial tissue was free from haemorrhage and 
showed no cell infiltration or increase of connective tissue. The 


blood vessels contained no malarial pigment. 


The liver showed slight fatty change and some congestion, but 
no cirrhosis. There was no pigment in the liver cells and no malarial 


pigment in the blood vessels of the liver. 


The spleen exhibited no malarial pigment. 
BLACKWATER FEVER. CASE 8. 


Male, about thirty-eight years of age. Joiner, Chinaman, 


Has lived in Delagoa Bay and. Chinde for ten years. First came 
~ Р, р, 
to Nyasaland two years ago. During this time he has had a consider- 


202 


able amount of fever, but has never previously had blackwater fever 


Has rarely taken quinine except after an attack of fever. 


He commenced to be ill with fever three days ago. Stayed in bed 
and took fifteen grains of quinine on this and on each of the ty 


following days. 


4th day. At 2 p.m. he had a rigor, T. 1044? F., and short] 
afterwards passed porter coloured urine. Had slight vomiting. 


sth day. Patient felt better this morning. Тһе vomiting had 
ceased, and the urine during the morning became almost clear. Abou 
noon the urine became red again. At 2-30 p.m. T. 102° F. Vomiting 
was troublesome. The spleen was enlarged and easily palpable. 


6th day. Patient better to-day. Urine amber coloured. А 
10 am. three grains of quinine bihydrochloride were given hypo 
dermically, and at 2 p.m. two and a half grams were given by the 


mouth. 


7th day. About noon to-day there was a slight relapse, the urine 
becoming claret coloured. One grain of quinine was given three 


times to-day. 


8th day to 13th day. Quinine bihydrochloride was administered 
thrice daily in two grain doses. The urine remained amber coloured 


during this period. 


14th day. Three grains of quinine bihydrochloride were given 


thrice daily. 


15th day. Patient remained well, no further relapse ; the urine 


continued to be amber coloured. 


Condition of blood. sth day. At 1-45 p.m. patient's oxalate 
plasma was of a deep orange colour, with no red tint, containing 


013 per cent. of haemoglobin. No bands of methaemoglobin wet 
N 


seen on examining a column of the plasma 18mm. deep. 


ZOS 


autolysim was present in the plasma, and no parasites or pigmented 
leucocytes were found m the blood. The following observation 
were made at 37° C. with the patient's red blood cells suspended in 
0'9 per cent. sodium chloride solution to which quinine hihydrochloride 


had been added : 


COMPOSITION or Mixture OF Rep BI OOD CELLS AND 
QUININE SOLUTION 
No. of 
expert H l 
ment 
2:3 94 emulsion of 9 94 solution of 1:92 % solution of 
red blood cells sodium chloride quinine bihydro 
chloride 
1 4 с.с Шел Complete at end of 3} hours 
STE; ТСС с.с Complete at end of 3 hours 
Ч 05 c.c гос STE Com] lete at end of 5 hours 
4 CC 1:6 c.c L C.C ( ample te at end of 1 hour 
s OS с.с, 16 c.« е Almost mplete ac end of 
3 hom 
6 Ге с.х 3*6 c 5*1 C.C Slight at end of 3 hour 
7 1.5 С.С 6*4 с.с. Ое Slight it end of H hour 
8 1*7 с.с 72 CC 1 c.c l'race at end of 3 hours 


oth day. At ro a.m. patient's oxalated plasma was of a deep 
orange colour, with no red tint, containing 007 per cent. of haenx 
globin in solution. No parasites or pigmented leucocytes were found 
in blood smears. Тһе following observations were made аі 37° С. 
with the patient's red blood cells suspended in o'9 per cent. sodium 


chloride solution to which quinine bihydrochloride had been added : 


COMPOSITION oF Mixture or Rep Broop CELLS AND 
QUININE SOLUTION. 


No. of 
experi- — — - -- — Haemolysis. 
ment. 
2:5 % emulsion of | o:o % solution of 1*92 9, solution of 
red blood cells sodium chloride quinine bihydro- 
chloride 
1 org c.c ZA сс. М GO. Complete at end of з hour 
3 2°65 c.c о с.с сс. ( omplete at end of š hours 
i - O8 C.C 36 уе, СЕ (С mplete at end of 3 hours 
її Оз CIC. 416 c.c. О о Sheht at end of 3 hours 
5 1*3 c.c 3:6 c.c "INC. l'race at end of 3 hour 
6 1*5 с.с {д c.c. эл бус; Nil at end of 3 hour 
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BLACKWATER FEVER. CASE 0. 


Male, thirty-eight years of age. Contractor. European 

llas been in the Trop у ше ШЕП У Ст Пах hack dy SCOTT 
twice, the last attack two years ago. Has had ‘fever’ (malaria ТАШ 
times. Has suffered from rheumatic pains. las not had blackwater 


fever before present attack 


Has not been feeling well for some weeks \ppetite has beer 
poor. Has been inclined to doze in daytime. For the last three 
weeks has had ‘fever,’ for which he has been taking a Durban patent 
‘cure. His urine has been of a dark brownish colour for last six 


weeks. Yesterday took nine grains of quinine in tabloid form. 


ist day. Thinks he passed blackwater in the morning when a 
stool, but regarded the colour of his urine as due to bile. Took nine 


A 
grains of quinine during the day. Stayed indoors and had a rigor at 


mid-day, when he passed more blackwater, which he st 


l regarded as 
due to bile. At 6 pm. his urine was porter coloured, about 170 c.cm. 


being passed. Temperature at this time 1o42 | 


2nd day. Constitutional disturbance continues. Urine still 
remains porter coloured. Vomited about twenty times during evening 


and night. 
3rd day. Urine still red. Lighter coloured in evening. 
4th day. Urine at first red, later became amber coloured. 


5th day. During the 2nd, 3rd, 4th and sth days only about 
600 c.c. of urine was passed, together with a small but inconsiderable 
amount in the stools, and suppression of urine was feared. Cardiac 
action feeble. 


6th day. Passing urine more freely. 


anaemic, but not wasted. Not sallow. Pulse hard and sharp, of high 
tensio Cardiac dulness abolished. Apex beat cannot be felt, but the 


7th day. Continues to pass urine frecly. Is very pale and 


first sound is at a maximum three and a half inches from midsternal 
line and about half an inch inside the nipple line. No adventitious 
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sounds. Second sound at base over aortic orifice accentuated. Lye | 


not palpable. Liver dulness not Increased. Spleen extends at th 
end of inspiration, about four inches beyond the costal margin. Splen 
dulness considerably increased. During the attack of blackwater ha 


had pain in loins, not descending into testes or thighs. 


Condition of blood. 8th day. On pricking patient's. finger the 


blood obtained was watery in aspect. The red cells were relative} 


small in amount, and rapidly sank in the (oxalated) plasma.  Plasn; 


light. yellow, gives a faint oxyhaemoglobin spectrum, but no шеф. 


moglobin bands, in a layer cighteen millimetres high; amount: 
dissolved haemoglobin is less than or00 per cent. On testing fo 
autolysin (eight hours after withdrawal of blood) complete haemolys 
was obtained in two and a half hours (Table 29); bacteria were, how 
ever, present at the time. (On testing blood plasma for antolysy 


three and a half months later a negative result. was obtained. 


No malarial parasites found in blood smear. The following obser 


vations were made at 37? C. with the patient's red blood се ў 


suspended in o9 per cent. sodium chloride solution to which quinn 
bihydrochloride had been added :— 


COMPOSITION or Mixture or Rep BLOOD CELLS AND 
QUININE SOLUTION. 


Nu of 
experi- - - — Haemolysis 
ment. 
22% emulsion of 0:099, solution of — 1:92 % solution of 
red blood cells sodium chloride quinine bihydro- 
chloride 
1 0°65 c.c. O CIE a c.c. Complete in 1 hour 
2 о'8 c.c. 3:6 c.c. O'I с.с. Complete in 2} hours 
1 1:05 с.с. 4°6 c.c. Oi Gs: Trace at end of 3 hour: 


Condition of urine—8th day. Yellow in colour. On adding: 


drop of acetic acid and boiling becomes cloudy, and an inconsiderable 


amount (about a & column) of whitish precipitate is formed. Contat: | 


0 
a small amount of suspended matter consisting chiefly of pus cell 
together with squamous epithelial cells and а few granular masi 


or casts of a faint brownish tint; no red cells or stromata; ! 


granular pigment. 


> 


[ 
| 


BLACKWATER FEVER, (АУЕ и 


Male, twenty-six years of age. Engineer. European 


Has lived in Nyasaland for two years, and during this time he has 
had a considerable amount of fever. Ile has taken very little quinine 
during the last twelve months. About three weeks ico he had a 
severe attack of fever which lasted four or five days. A few days 
later he was run over by a trolley, and has been confined to hed more 
or less since. He was unable to sleep and felt very ill. Three days 
ago he felt particularly unwell and had a sore throat. The next day 
his temperature was 102° F., and he took seven and a half grains of 
quinine. Yesterday his temperature was 103° F., and he took another 


seven and a half grains of quinine. 


ist day. He felt better this morning and took ten ( 


Y 
[э] 


rains ol 
quinine and was able to get up. At noon he had five grains ol 
quinine and took a short walk. At 4 p.m. he suddenly felt very ill. 
Не had a severe rigor. Т. тос Е. At § p.m. he passed blackwater. 
8 E š | 
Had troublesome vomiting and flatulency all night. 
2nd day. Vomiting had ceased and patient felt better. Spleen 


enlarged and easily palpable, extending one and a half inches below 
the costal margin. 


3rd day. Patient was better to-day ; the urine was not so darkly 
coloured. 


4th day. About noon there was a relapse. T. OR IF. 

sth day. Patient admitted to hospital this evening. Blackwater 
continued. Т. 103° Е. 

Oth day. The urine was amber coloured this morning. Aboul 
noon it became red again, but cleared up m the afternoon. There 
was another relapse late in the evening. 

7th day. The urine remained coloured all day; in the evening 
s 103:6^ E 

Sth day. Urine still contained hacmoglobin. Quinine bihydro 
chloride was given in solution in two and a half grain doses at 6 a.m 


and о aan. Later in the day the urine became amber coloured. 
JU ogos E 
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oth day. Phe urine was coloured again this morning, but cleared 
up m the evening. Quinine bihydrochloride was wiven as befor 


two doses of two and a half grains cach. T. 102: | 


oth day. The urine, which was clear this morning, becamu 
deeply red coloured about mid-day. Quinine bihydrochloride was 
given in solution in three doses of three and three quarter grains 


each. T.104? F. Patient appeared to be in fairly good condition. 


11th day. Тһе urine remained clear all day. Quinine bihydri 


chloride was given in three doses of five grains cach. T. тос Е. 


12th day. There was another slight relapse this morning. Quinine 


bihydrochloride was given again in three doses of five grains each. 


ШӨ E 
13th day. Тһе urine, which had become amber coloured 
yesterday afternoon, was again red about noon to-day. Quinine 


bihydrochloride was given in three doses of five grains each. 
foo E: 

14th day. There was a slight brownish coloration of the urme 
about noon to-day, but no detectable amount of haemoglobin. No 


quinine was given to-day. T. 103° F. 
15th day. Urine normal all day. No quinine given. T 101° Е. 
16th day. Urine normal No quinine given. Т. 100°4° Е. 


Patient remained well and had no further relapses. About 
fourteen days later small doses of quinine were commenced and the 
quantity gradually increased until fifteen grains were given daily. 


No further relapses occurred 


Condition of blood—and day. At її am. patient's oxalated 
plasma was of a deep orange colour with a distinet reddish tint, and 
gave marked bands of oxyhaemoglobin in a column 18 mm. high, 
representing 0'85 per cent. of dissolved haemoglobin. Faint bands 
of methaemoglobin were visible. No autolysin was present in the 
serum, and no parasites or pigmented leucocytes were found in the 
blood. The following observations were made at 37 С. with the 
patient's red blood cells suspended in оо per cent. sodium chloride 
solution, to which quinine bihydrochloride had been added. 


O 


STO 


COMPOSITION or Mixrure or Rep BLOOD CELLS AND 
QUININE SOLUTION 


No. of 
ехр‹ ri- = - = Haemoh : Я 
me ne 
2*5 °y emulsion of — 09%, solution of 902 95 solution of 
red blood cell sodium chloride juinine bihydro- 
chloride 
"pe Gc vp ss Complete at end of 1 ho 
2 Sd зү СҮ седе Complete at end of t hour 
1 6zc 30 c ses es Complete at end of 2} n 
1 er y6 c CH Complete at end of 21h 
= 46 ¢ ite Trace at end of з hour 
b 1 5:6 гес Nil at end of 3 hour 
ма day. At 10-30 am. patient's oxalated plasma was deep 


orange, with no red tint, containing o'oo per cent. of haemoglobin in 
solution. The bands of methaemoglobin were visible but faint. No 
parasites or pigmented leucocytes were found in the blood. 

sth day. At r1 a.m. patient's oxalated plasma was a deep orange 
colour and gave, in a column 18 mm. high, distinct oxyhaemoglobin 
bands, the amount of dissolved haemoglobin being 0'3 per cent. The 
methaemoglobin bands were just visible. No autolysin present in 
the plasma The appearance of the blood when withdrawn was 
distinctly watery. No parasites or pigmented leucocytes were found 
in the blood. The following observations were made at 37? C. with 
the patient's red blood cells suspended in оо per cent. sodium 


chloride solution, to which quinine bihydrochloride had been added 


COMPOSITION or Mixrure or Rep Вгоор CELLS AND 
QUININE SOLUTION. 


No. of 
experi- : — -—— T Haemolvsi: 
ment. 
2:5 ^5 emulsion of 2-0) ©, solution of | 1:92 9% solution of 
red blood cells sodium chloride quinine bihydro- 
chloride 
] S eye. ЭИС, О с.с. Complete at end of 1 hour 
2 '65 c.c. ОСО "I Cc Complete at end of 2 hous 
3 8.6.6. ОЕ. »*1 C.C Very marked at end of ju 
4 Hae СС 16 c.c. Pi tees Trace at end of 3 hour 


| 2 


Oth day. At 11 pm. patient's oxalated plasma was of a dark 
orange colour with no red tint; it gave distinct oxyhaemoglobin 


bands, o'2 per cent. of haemoglobin being present in solution. No 


parasites or pigmented leucocytes were found in the blood. 
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Date and time. | Amount. | Sp. gr. | Reaction. Colour. 
| 
Р Lx 4 6 
7th day 7.30 ‘a.m. | 285 c.c. rors | Acid Dark amber 
Io 21:77 Ceres rors | Alkaline , Porter 
” » »/ S 
| coloured 
| | 
5 4.0 p.m | 198 c.c. 1o16 2 Amber 
* GE yy ros с.с. TOTS "7 “A 
9.0 » | 198 (ees = » » 
| 
Sth day, 5.30 a.m 370 c.c 1'022 , Acid Porter 
coloured 
» CLE) ue ЕЛ re roig » j 
E e GAN ae гого $ Light reddish 
3 / 5 
brown 
3 Mao 198 c.c rois Alkaline Amber 
2? 2 у ә 
` O рт E I7o с.с 016 Acid g 
, | 7 А 
T m 86 c.c ISI 3 Brownrsh red 
» 3 elie (eG 017 3 amber 
op 10.0 5 198 c.c 015 А 
gih day, 3.0 um. 198 c.c roig Alkaline - 
3 5 Lig C.C rots 
T е» ie Ce ros T 


Appearance and amount of deposit. 


No deposit. 


Slight deposit consisting of granular casts and 
crystals of triple phosphates. 


No deposit 


Spectroscopic 
examination. 


No bands 


Methaemo- 
globin bands 
stronger than 
the oxyhae- 
moglobin 
bands. 

No bands 


Brownish deposit about th column, consisting | Well marked 
P Tü š 


of granular casts. 


Very slight deposit 


bands of oxy- 
haemoglobin 
and methae- 


moglobin. 


No band 


Amount of haemoglobin. 


No precipitate on acidifying 
and boiling. 

o2 9 (corresponding to 

2 gr. of 

Chocolate 

acidifying and 

equals 1 column. 


haemoglobin 
precipitate on 


boiling 


No precipitate on 
and boiling. 


'Fotal haemoglobin passed 


during the day equalled 
26 gi 

DEO y corresponding to UY чт. 
of haemoglobir Choce- 


late precipit ite on acidity- 


ing and boiling equalling 
4 column. 


d pis 
-8 95 (corresponding to эч) 


of haemoglobin . 


Brownish pr tate on agidi- 
fying and boiling c jualled 
n column, 
Slight turbidity on acidity ing 
and boiling. 
55 
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Foul haemoglobin i 
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BLACKWATER FEVER. CASE 11. 


Male, thirty-eight years of age. locomotive inspector. European. 

l'irst came to Nyasaland nine months ago, and has lived chiefly in 
Port Herald and the lower Shiré district. Previous to coming to 
Nyasaland he had spent five years in. Rhodesia. During the last 
nine months he has had a good deal of malaria but has never 
previously had blackwater fever. He has very rarely taken any: 
quinine. During the last week he has been very unwell, and two 
days ago he took ten grains of quinine. The next day he felt no 
better, but took no more quinine. 

ist day of present illness. At 9 a.m. he felt very ill and took ten 
grams of quinine. At 10-15 a.m. he passed portcr-coloured urine 
and again at 11-30 a.m. T. 103° F. During the remainder of the 
day patient was very restless vomited several times, and passed no 
more urine. 

2nd day. Slept a little during the night and took large quantities 
of fluid by the mouth. At to am. he passed a little urine, 
which was porter coloured. Vomited several times. Skin and 
conjunctivae of a very distinct lemou yellow tint. Spleen easily 
БОИЫ ШЕЕ СК At 5 p.m. T. 101° E. 

3td day. Had a very bad night; passed no urine during the 
might. Continued to take large quantities of fluid by the mouth. At 
3-30 p.m. he passed 10 c.cm. of dark red urine. At 6 p.m. the skin was 
very sallow and the conjunctivae lemon-yellow. Т. 101° F. Vomiting 
and hiccough very troublesome. 

4th day. Slept very little. T. 100? F.— Urine amber coloured. 
The total amount of urine passed during the day was 48 c.cm. 

5th day. Condition of patient was unchanged. Urine amber 
coloured. Temperature normal. The total amount of urine passed 
during the day was 92 c.cm. 

6th day. Total amount of urine passed to-day was 73 с.сїп. 

7th day. Vomiting and hiccough continue. Total urine passed 
during day was 93 с.с. 

8th day. Patient felt better, slept well, pulse and temperature 
normal, and the vomiting was not so troublesome. Amount of urine 
passed during day was 85 c.cm. 


218 


oth day. Patient had a good night and slept well. At > 4, 


7E 
about 8 ccm. of urme were passed. After this no more urine w 
voided, and very severe dyspnoea set m about 4 p.m. Finally 


7 pm. patient died during an attack of dyspnoea. 


CASE M кы |e Was E £ i __ T 
DAY OF OISEASE {ei faz dag __ ipe «T day _ ¿“< May _ š р В 
TUN м G[CVENIWG| MORNING [EVENING | MORNING [AVEN ING | MORNING EVENING des rr m EVERING| MORNING [EV EniNG | MORNING [rit n Tie [uos 

5] pun D 


Fro. 760. Blackwater Fever, Case tr. Temperature Chart. 


Condition of blood. 3rd day. At 7 p.m. patient's oxalated plasm 
was of a deep orange colour with no reddish tint, and gave mark 
bands of oxyhaemoglobin in a column 18 mm. high, representing 0% | 
per cent. of dissolved haemoglobin. | Methaemoglobin bands wer 


COMPOSITION or Mixture or Rep Віоор CELLS AND 
QUININE SOLUTION. 


. | 
No. of I 
experi- — — - I Haemolysis 
ment. | 
rs% emulsion of | o:g%% solution of | 1-92%% solution of 
1 lcells. | di chlorid inine bihyd | 
red blood cells. sodium chloride. quinine bihydro- 
chloride. | 
I Q3 c. 21) OE vr Gc, Complete at end of 1) 
> о:65 c.c yo c.v. QI c.c. Complete at end of 2 - | 
. qu. AA EO | | of 24 
3 8 с.с 3*6 с.с олсе Complete at 0 
T toz AHO Beh Orr с.с. Trace at end of 3 hour 


— 


ZI 


also distinct. No autolysin was present in the plasma and no malarial 


{ 


I 
parasites or pigmented. leucocytes were found in the blood On 
examination with the aid of the haemoerit the blood was found to 
cantan WD per cent. by volume of red cells. Vhe «abe 
observations were made at 3/ (C Senin Wie patient's red blood cells 
suspended in 00 per cent. sodium chloride solution, to which quininc 
biliydrochloride had been added. 
4th day. «At то a.m. patient's oxalated plasma was of a deep 
orange colour, but not so deep as yesterday. It gaye faint oxyhaeciie 
globin bands, o' 16 per cent. of haemoglobin bemg present in solution. 
No autolysin was present in the plasma, and no malarial parasites or 
pigmented leucocytes were found in the blood. 
elt 
orange colour Oxyhaemoglobin bands were faint, the plasina 


7th day. At 10-30 a.m. patient's oxalated plasma was of a Ii 


containing O'r per cent. of haemoglobin in solution. No autolysin 
was present in the plasma, and no parasites or pigmented leucocytes 
were found in the blood. On examining with the aid of the 
haemocrit the blood was found to contain 148 per cent. by volume 
of red cells. The following observations were made at 37° C., with 
the patient's red blood cells suspended in o'o per cent. sodium chloride 


solution, to which quinine bihydrochloride had been added 


Composition or Mixture or Rep Bioop CELLS AND 
QUININE SOLUTION. 
No. of 
experi- | ———— —- = — Haemol 
ment. 


Qo emulsion of ° о'9 00 solution of 192%, solution of 
ed blood cells. sodium chloride. quinine bihydro- 
1 HUS 
chloride. 


2*3 
r 


о 


Complete at end of т hour 

Complete at end of 1 hour 

Complete at end of r} hour 

Complete at end of 2 hours 

Trace at end of 3 hours | 
Nil at end of 3 hours 

Nilat end of 3 hours І 
Nil at end of 3 hours 
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Condition of the spleen— Oth day. At 11 a.m. a spleen puncture 


was made. Phagocytosis of red cells (by less than o'1 per cent. of 


the white cells) was observed. No malarial parasites or pigment 
found. 
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Post-mortem  cyamination. Body well nourished, no disting 
yellowuess of the skin. No oedema of the subcutaneous NE. 
bout 600 c.em. of fluid in the peritoneal cavity. The spleen | 
considerably enlarged. The liver was enlarged and pale. Th 
kiduey's were considerably enlarged and cougested ; capsules slight] 


adherent; cortex swollen but otherwise not markedly altered 


pyramids very dark, exhibiting a striated appearance; the pelvis 


the kidney normal in aspect. The heart was slightly dilated; à 
excess of fluid in the pericardium; heart substance natural in asp: 
valves of heart healthy. Pleural cavities free from Яша. lungs n | 
congested or oedematous. Mucous membrane of stomach аш | 
oesophagus injected. The suprarenals and pancreas presented п 
change. Bladder healthy in aspect; it contained about то cem 


amber coloured urine. 

Microscopical! examination—The kidnevs contained numer 
brownish plugs or casts within the urmiferous and collecting tubul 
These plugs were made up of coarse granules 54 to 34 in diamet 


arranged singly or in groups, partially filling the lumen of the tubule 


and frequently accompanied by free epithelial cells and finely granula 
or flocculent deposit. Further details are given on рр. 107-11 
The renal tubules were dilated. The interstitial tissue presented n 
change in aspect. The blood vessels contained no malarial pigmen 
The liver showed shght interlobular cirrhosis, but no fatty change | 
and no malarial pigment. No malarial parasites or pigment we 


found in the spleen. 


BLACKWATER FEVER. CASE I2. 


Male, thirty-four years of age. Fitter. Indian. 

Has been in Nyasaland for the past eleven months, having 
previously lived some time in Uganda. During the last six months 
he has suffered from fever two or three times every month. He has 
never previously had blackwater fever. Does not habitually take 
quinine, bnt occasionally when he has fever he takes five or ten 


erains. He commenced to be ill yesterday, and took five grains 


quinine. 
Ist day. Felt no better this morning. At noon he had a ng 
and took five grains of quinine. At 4-45 p.m. he passed blackwate 


mA 


nd day, Patient felt rather better to-day. Т.9090 F. Spleen 
shghtly enlarged and just palpable below costal margin. No 
vomiting. 

зга day. Patient appeared well to-day. The temperature was 
normal, and the urme amber coloured. Quinine sulphate in solution 
was given in three doses of one grain each. 

4th day. Quinine was given as above in three doses of two 
grains each. 

sth day. Three doses of three gruns of quinine were 
administered to-day. The patient continued well; there was no 
relapse of the blackwater. 

Oth day. Three doses of four grains of quinine were given 
to-day. 

zih day. From to-day the patient took five grains of quinine 
three times daily. The patient’s recovery was uninterrnpted. 


Condition of blood. -2nd day. At 4-30 p.m. patient's oxalated 
plasma was of a dark orange colour. It gave distinct. oxyhaemo- 
globin bands, 0'2 per cent. of haemoglobin being present in solution, 
On examining with the aid of the hacmocrii, the blood was found to 
contain 33 per cent. by volume of red cells. On testing for 
haemolysin complete haemolysis occurred, but the plasma, which had 
been kept for twenty-four hours, was found to contain a considerable 
number of bacteria. No malarial parasites or pigmented leucocytes 
were found in the blood. 

3rd day. At 10-30 ал. patient's oxalated plasma was of an 
amber colour. It gave faint oxyhaemoglobin bands, when examined 
in a column eighteen millimetres high, o'r per cent. of haemoglobin 
being present in solution. No autolysin was present, and no malaria] 
parasites or pigmented leucocytes were found in the blood. 


Cond ition of the spleen. 2nd day. At 4-30 pm. a spleen 
puncture was made. Phagocytosis of red cells (by about 3 per cent. 
of white cells) was observed. No malarial parasites or pigment 
found. 

3rd day. At 10-30 a.m. a spleen puncture was made. Phago- 
cytosis of red cells (by about 3 per cent. of white cells) was observed. 
No malarial parasites or pigment found. 


Точчои pue poanuooo есере SION JULIN Jo Suouitioocdis ju »»boscaqQnuce; 


"suntoq put 


SutÁjipror uo aqezidioaid ON Jd офор on ЕЕ — E — Arp prt 


Xa вриб ON susodap эч8цв әд laquy M Tape 59 (6001 o'g к 
"Suqtoq pur Sur 


-Ápr uo aqeqidiaad j3u2r[s 3 E e es poy | $10.1 — UL Ens) X 


"uum[oo 3F 
“Зицтод pul Sut(jgprov uo 's[[o» [pe[ouirdo peuar pur sjsu5 әцуеќц 
‘aquaidisaid əjr|oəoouo %, g.o 5 pue avjnuvis jo Bunstsuos asodap 3811$ UMOIQ IYSVT эшүү 10.1 — 5 o'f У 
aqta | 
spurq utqo[3 
А | -ошәрцуәш | 
*utun[o2 L *Sutoq uo ou inq urq 
f‘aynqtdisaid o3v[ooouo % 1.0 | -о[8ошәгүлхсу as a qstuMo1q E 900.1 — OE it 
тр рә1по[о2 
Д. Of т.о a & Jaep U91 8 Z10.1 — wd от a 
"uuin[oo Ë 
‹Зшпоҷ pur Зигбріов uo O i 
‘aqvudisaid əzejosoyə % t£.o у Ё yə poy боол ‘3007 EO & 
| 
d 8 x as с | з goo. | — | "urv or “ер puz 
‘urqos 
-ошәтцзэш 
"uuirnpoo pur urqos ‘s][29 P21 ом [384210 | 
} “BUIIOG pu H ЗшАуртәе -OUI9CUAXO JO ! put S[[22 pyyda ‘S39 1[NUUIS fo 9013515 
uo ‘aquqidisaid ayvposoys б.т | spueq Zuoijg | -uoo ЗигѕцеЗпуиучәо uo ysodap ə[qtiəptsuoO | por xiep AIDA эшең Сто. — "rd оті “ер 351 
| *uongurumxo | | 
'шчо[8ошәрц jo aunowy oido2so112adg "пѕодәр jo 3uriouie pue souvivaddy “moop | *uogoeaw | "38'ds — 3unouy тәш; pue әзе 


‘ттан fo uorp puo?) 


5j 


5 


BLACKWATER FEVER. CASE 12 


b 
Male, twenty-nine years of age Missionarv. |-uropean. 
Has been in Nyasaland for five ars. trom {пе to tune had 
attacks of malaria, which were not treated with quinin [lad 
slight attack of blackwater above a year ag 


Bun 


fst. аа y 


1009I—r r ER ' 


FIG 77. Blackwater Fever, Case 13. Temperature Chart 


Took four grains of quinine yesterday. Spent the day working, 
ш a hot sun, at brick-making. Stated to have been quite well. 

This morning took four grains of quinine. Remained well till 
mid-day. Became seriously ill at 1 p.m. when he vomited black 
material like coffee grounds. Temperature was then 40° C. (104° I 
He was then much distressed, and complained of pain in the abdomen, 
putting his hands to the hypogastric region. Passed red urine, 
described as ‘looking Hke blood.’ Ile became delirious and violent, 
and four men were required to restrain him. In his delirium bit the 


forearm of another missionary. Temperature continued to rise to 
р 


| 
220 | 
DoC (tampi ao. "Patients face and hands became deeply yellow 
Died at 5 p.m. Not seen by myself till 11 p.m., when the urine ap 
vomit had been thrown away. Face and hands were of a marked 
brownish yellow colour. Post mortem examination not per nitted. 
BLACKWATER FEVER. CASE 14. 
Male, thirty-nine years of age. Store assistant. India 
[las been in Nyasaland for five years. Пе has had a great d 
of fever, his temperature frequently reaching 102° or 103° 1 Ax 
fifteen months ago he had his first attack of blackwater fever H 
not taken quinine regularly, but only oecasionally when ill 
ist day of illness. Has been feeling unwell for some time, but ош 
became seriously ill to-day, when his temperature rose to 100 | H 
had a severe headache, took ten grains of quinine sulphate, and wa 
to bed. 
2nd day. Condition unchanged.  F.99'8* Е. Took five gram 
of quinine. In the evening his temperature had risen to 101° F, a 
he had another five grains of quinine. At 10 p.m. he had a sev 
rigor, T.105'4° F. Shortly afterwards he passed porter colour 
urine. Vomiting was very troublesome. | 
3га day. Patient had another severe rigor this mornin 


T. 106? Е. Severe vomiting all day. 
ith day. Condition unchanged this morning. Skin and cot 


junctivae of a lemon yellow colour, spleen just palpable. Т. 103°! 


was still severe, but the urine was evidently clearing i | 


The vomiting 


the evening. 

sth day. Patient much better, urine clear, vomiting less trouble 
some, temperature normal. 

Subsequently the patient's recovery was uninterrupted. | 

Condition of blood. 4th day. At 5-30 p.m. patient's oxalate 
plasma was of a reddish colour; it gave in a column eighteen 
millimetres high distinct bands of oxyhaemoglobin and methaem 
\ 


globin, equalling 0'57 per eent. of haemoglobin in solution. 


malarial parasites or pigmented leueocytes were found in the blood 


а Ec 
sth day. At 10-45 a.m. patient's oxalated plasma was of a 0 


orange colour with no red tint, containing 0'18 per cent. of haemo 


globin. Methaemoglobin bands were also distinet. No autolys! 


227 
present in the plasma, and no malarial parasites or pigmented 
leucocytes were found in the blood. With the aid of the haemocrit 


volume, 


Fic. 78. Blackwater lever, Case 14. Temperature Chart. 
of red cells. Тһе following observations were made at 37° C. with 
the patient's red blood cells suspended in оо per cent. sodium 


chloride solution, to which quinine bihydrochloride had been added: 


Composition or Mixture OF Rep Broop CELLS AND 
QUININE SOLUTION. 


No. of ی‎ = = a = کے‎ — 
experi- Haemolysi 
ment. 2:595 emulsion of | œg% solution of | 1:92 % solution of 
red blood cells sodium chloride juinine bihydro- 
chloride 
1 O'5 C.C. осе їсс. Complete at end of í hour 
2 0°65 c.c O c.c. ПС! Complete at end of 2 hour 
4 o'8 c.c 3:6 c.c. "1 С.С. Complete at end of 2 hour 
4 1'05 С.С Ер C: G: EC: Trace at end of 3 hour 
5 ГСС. Баб СС ЭС СУ Nil at end of 3 hours 


Сонї топ of spleen. —4th day. At 5-30 p.m. a spleen puncture 
was made. Phagocytosis of red cells (by less than 1 per cent. of 
white cells) was observed. No malarial parasites or pigment found. 
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PUT 
Subsequent specimens of the urime were amber coloured and 


normal. А 


Yat hay 39 day 
BILE morning] ELLA CEILS BIOL | 
URANDAN И + 


38° 


BiG . Blackwater Fever, Case 14a. Temperature Chart 
79 p 


JLACKWATER FEVER. CASE 15. 


Male, twenty-five years of age. Store-keeper. European. 


Has lived in Nyasaland for six months and has never been in the 
tropics previously. During this time he has had a good deal of fever. 
Stated that he had taken thirty grains of quinine a week regularly 
since he has been in Nyasaland, and that in spite of this he has 
suffered considerably from malaria. He has never used a mosquito 
net. Began to be ill three or four days ago. Felt feverish, had 
anorexia and was unable to sleep. Three days before the attack 
commenced he took ten grains of quinine. The next day he took 
five grains of quinine, and the day before the attack he took five 
grains of quinine. 

Ist day of attack. Got up about 7 a.m., and took ten grains of 
quinine. At 4 p.m. he noticed that his urine was porter coloured. 


This was the first timation he had that he was suffering [rom 


blackw 


SHE 


skin of a marked yellowish brown colour. Т. 103° F. Twenty-thre 


Guices 


ard day. 


rater fever. 


| day. Patient had a bad night, vomiting very troubleso 


of physiological saline. solution were injected subcuta 


He had no previous rigor. T. 103'6° F 
I g Í 


m 


General condition improved; the vomiting was not š 


troublesome, and the temperature had fallen to 100° Е.  Twen 


three ounces of physiolo 


subcutaneously. 


4th 


t 


gical saline solution were again inject 


X 


day. Patient was much better, and his recovery continue 


uninterruptedly. 
ıd ition of blood. 


plasma was of a dark orange colour with a faint red tint, containing 


Cor 


I SÍ day. At 0-30 p.m. patie nt’s oxalate; 


O'56 per cent. of haemoglobin No autolysin was present in th 


plasma, and no parasites or pigmented leucocytes were found in th 


blood. 


observations were made at 3 


The blood 


had 


a watery appearance. The following 


? C. with the patient's red blood cells 


7 
suspended in 00 per cent. sodium chloride solution to which quinin 


bihydrochloride had been added : — 


No. of 
experi- 
ment, 


2nd day. 


Composition oF Mixture or Rep Broop CELLS AND 
QUININE SOLUTION. 


2'3 °% emulsion of 


red blood cells 


— Haemol 
o'g 95 solution of 1:92 95 solution of 
sodium chloride quinine bihydro- 
chloride 

ICE. [e cic Complete at end Бү 
NOCE ЛТ СС ( omplete t ] of 2h 
BAG He о C.C. Complete at end of 241 
4°6 c.c. ОССЗ Trace at end of 3 hour 
RA C. O'I C.C Nil at end of 3 hour 


At I p.m. patient's oxalated plasma was of a dark 


orange colour with no red tint, containing 0'42 per cent. of haem 


globin. 


No autolysin was present in the plasma. 


Condition of the spleen.—ist day. At Io p.m. a spleen puncture 


was made. 


white cells) was observed. 


Phagocytosis of red cells (by less than 1 per cent. ? 


No malarial parasites or pigment found 
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Subsequent specimens of the urme were amber coloured and 


normal. 


case |S 
DAY or DISEASE [у^ 4 dax m 
ix 


onan EVENING] wonnina усма |матттмо{ evs NING j «ORE [f ve 

TIME 317 TEAM EIEN E ЕЗЕШПЕЗЕ is 
spes] E 

i үг: | 


107^ 


1444 


++ 


Fie. So. Blackwater Fever, Case rs. Temperature Chart 


BLACKWATER FEVER. CASE 10. 

Male, thirty-five years of age. Cook. Indian. 

Has lived in Nyasaland for four years, and during this time has 
had a good deal of fever, but this has not often been so severe as to 
necessitate his giving up work. Has never previously had blackwater 
fever. Has not taken quinine regularly. He began to be ill with 
fever and headache four days ago. Quinine bihydrochloride was 
given in solution in doses of five grains three times daily. He 
continued to take this solution of quinine in similar doses during the 
next three days. 

Ist day. Patient passed blackwater this morning He was 
obviously very ill, vomiting incessantly. The skin and conjunctivae 
were yellowish. Т. ror6° F. He had considerable diarrhoea, and 
during the day he passed six black tarry stools and stated he had 
been passing similar stools for the past three or four days 

2nd day. His condition was unchanged. The spleen could just 
be felt below the costal margin. 


iv 
Uu 


3rd day. The urine was still red coloured, and the vomiting was 
very troublesome. After to-day patient was unable to pass his uring 
and a catheter had to be used to draw it off. On passing a cathet 
it was found that he had a urethral stricture, which rendered th 
passage of the instrument difficult. 

jth day. General condition bad, pulse weak and frequent, patient 
very lethargic. The urine, which had cleared up during the night 
was amber coloured, and contained considerable quantities of albumin 

sth day. Condition unchanged. 

6th day. The quantity of urine secreted has diminished con 
siderably in amount, being only 500-600 c.cm. ‘The vomiting persists, 
and the pulse is very frequent and irregular. 

roth day. Patient died at 1 a.m. this morning. During the las 


few days he had sunk into a comatose condition. 


Condition of blood-—3rd day. Аі 10 a.m. patient's oxalated 
plasma was of a dark orange colour with no red tint, containing 
0'2 per cent. of haemoglobin in solution. No methaemoglobin bands 
were visible in a column of the oxalated plasma eighteen millimetres 
high. No autolysin was present in the plasma, and no malarial 
parasites or pigmented leucocytes were found in the blood. Th 
following observations were made at 37°C. with the patients red 
blood cells suspended in o'9 per cent. sodium chloride solution i 


which quinine bihydrochloride had been added : 


Composition or Mixture or Rep Broop CELLS AND 
QUININE SOLUTION. 


No. of 
experi- — - - on Haemolysia. 
ment. 
25%, emulsion of  o:99, solution of 1°92 0% solution of 
red blood cells. sodium chloride. quinine bihydro- 
chloride. 
L obg c.c ole exalt Hes Complete at end of hot 
2 S c.c 3:6 c.c. ET GC Complete at end f 2} hous 
3 ОЗС NOS ес Ort с.с. Partial at end of 3 hours 
i үс 5°б c.c. O*I с.с. Trace at end of 1 hours 


Condition of spleen.— 3rd day. At 11 ал. a spleen puncture 
was made. Phagocytosis of red cells (by about 1 per cent. of the 
white cells) was observed. No malarial parasites or pigment found. 
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Post-mortem examination. —Body fairly well nourished. $ 
sallow. No signs of decomposition. Rigor mortis well marked. Ny 
excess of fluid in the pericardial cavity ; heart muscle healthy ; valves 
of heart normal; no atheroma of aorta. Pleura free from adhesions 
no effusion in pleural cavities. Lungs markedly congested and 
oedematous, no tubercle present. No fluid in the peritoneal cavity, 


liver healthy in aspect. Spleen slightly enlarged. Тһе kidneys 
CASE /6 E PIENE = Ea PM E Кы 
DAY OF DISEASE | 2: Lay — |A fay |3 bay _ |< <; +< fay 6% Жау [7 tay 9 < hey 
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Fic. 81. Blackwater Fever, Case 16. Temperature Chart. 


were slightly enlarged; capsules stripped readily; cortex not 
markedly altered in naked eye aspect; pyramids dark, presenting а 
striated appearance on section, the collecting tubules being easily 
scen with the naked cye; pelvis of kidney normal. Suprarenals and 
pancreas normal. Stomach and intestincs normal. Bladder, which 
contained a little amber coloured urine, was normal in appearance. 
The brain and its membranes presented no macroscopic change. 
Microscopic examination. The kidneys exhibited in many of the 
uriniferous and collecting tubules plugs of brownish material made up 
of granules, 5“ to 2и or less in diameter, and granular masses 


together with epithehal cells and flocculent débris ; further details aic 
given on pp. 119-123. The lumen of the uriniferous tubules was wide, 
but did not exhibit the marked distension seen in the kidneys of 
Case 7a. The interstitial tissue was free from haemorrhage, and 
showed no cell infiltration or increase of connective tissue. No 
cirrhosis or fatty degeneration of the liver or malarial pigment in it 


vessels. No malarial parasites or pigment was found in the spleen. 


JLACKWATER FEVER. CASE 17. 


Male, thirty-two years of age. Planter. European. 

Паѕ lived in Nyasaland for ten years, during which time he has 
had one or two attacks of fever every wet season. In the course of 
the last eight years he has had four attacks of blackwater fever. IF 
only occasionally takes quinine. lle suffered from an attack of fever 
four days ago. Т. 105° Е. Took twenty grains of quinine. He 
remained ill for the next three days, and had fifteen grains of quinine 
each day. 

Ist day. Was still ill, and took ten grains of quinine in the 
morning. During the evening he noticed that he was passing black 
water. Не was brought into hospital the same evening. His 
condition was one of considerable exhaustion, with troublesome 
vomiting. Spleen slightly enlarged, and just palpable. T. 101° F. 

2nd day. His condition to-day was unchanged, and the vomiting 
continued all day. Т. 105° F. This rise in temperature was 
accompanied by a very severe rigor. The urine was porter coloured. 

3rd day. The patient was rather better this morning and the 
temperature almost normal The urine was still highly coloured. 


4th day. The urine became decidedly lighter towards evening. 
Sth day. Patient feels quite well Urine almost clear. 


6th day. The urine was amber coloured. Patient's subsequent 
recovery was uninterrupted. 


Condition of blood — Ist day. At 11-30 p.m. patient's oxalated 
plasma was of a deep orange colour, with a distinct red tint, 
containing 0°65 per cent. of haemoglobin in solution. No malarial 


parasites and no pigmented leucocytes were found in the blood 


2.10 


2nd day. At о a.m. patient's oxalated plasma was of a reddish 
orange colour, containing 0767 per cent. of haemoglobin in solution, 
No malarial parasites and no pigmented leucocytes were found in { 
blood. At 3-15 p.m. patient's oxalated plasma was of а reddis 
orange colour, containing 0'95 per cent. of haemoglobin in solution, 

3rd day. At 10-30 a.m. patient's oxalated plasma was of 
reddish Orange colour, containing O48 per cent. of haemog DIN in 


solution. No inalarial parasites and uo pigmented leucocytes w 


ere 


found in the blood. | 
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Гіс. 82. Blackwater Fever, Case íz. Temperature Chart. 


4th day. At 11-45 a.m. patient's oxalated plasma was of a dee 
orange colour with no red tint, containing 0118 per cent. of haemo 
globin ın solution, On examining the blood with the aid of th 
haemocrit, it was found to contain 22'5 per cent. by volume of red 
cells. A  haemoglobinometer reading of 215 divisions 


von Fleischl's scale was obtained (equivalent to 0707 per cent. of wel 
red cells). 
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Date and time. 


3rd day, 12.30 p.m. 


Lore 


Acid 


Colour. 


Porter 
coloured 


Appearance and amount of depasit. , Spectroscopr 
examination. 


Deposit on centrifugalising 45, column, con- | Oxyhaemoglo- 
sisting of granular casts and epithelial casts. | bin and met- 
and renal epithelial cells and few red cells haemoglobin 


bands present 


Deposit on centritugalising slight, consisting of 
renal epithelial cells in large numbers and 
a few granular and epithelial cast 


Amount of haemoglobin 


2 


»2 


^y (corresponding to эрх 
of haemoglobin). Choco 
late precipit te on acidify - 
ing and boilin equalle l 
: 06 of haen 


SU corresponding to 0*7 s. 
of hacmog 

late precij 

ing and boiling 

of haemogl 


0 


6 95 (corresponding to o:7 g. 
of haemoglobin). Choco- 
late precipitate on acidify 
ing and boiling equalled 


О of haemoglobin. 


o (corresponding 
haem globir 
Cccipitat 
nling 


vini to 
of haemoglobin 
late precipita 
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TARLE 52. 


Conotrron or Broop PLasma. 


Amount of 


dissolved 


Colour. Haemolysin. 


haemo- 


globin. 


Dark orange 
with reddish 
tint 


| 


Deep orange E 


No autolysin 74. 
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(Continued.) Synopsis of Cases of Blackwater Fever. 


CONDITION or Rep Broop Ce rts. 


Smallest con- 
centration of 
Parasites quinine bi- 

(about şooo hydrochloride Haemo- 
red cells | which caused globin 
STE TONÎ complete volume. 
| haemolysis 
jin three hours 
(see Table 24). 


Colour. 


None 353 06 Porter coloured. 
found 
Port wine to 
yellow. 
Yellow. 
Porter lour 
t cd to 
t amber. 
E ol с 


CONDITION OF 


Amount of Red 
dissolved blood 
haemoglobin cells 


Urine. 


Suspended matter. 


grownish black deposit 
celis. granular cast 


Slight light vellow dep mie 


granular cas 1 


thelium. 


rena 


Change 
in 


quantity . 
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